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This report covers the testing of two similar but different gear ratio Curtiss- 
Wright designed and built eplcyclic star configuration reduction gears in a 
back-to-back rig. Testing demonstrated satisfactory operation prior to delivery 
to the General Electric Company for installation as the main reduction gears 
driving fans in Quiet Clean Shorthaul Experimental Engines (QCSEE). The under- 
the-wing (UTW) engine reduction gears which have a ratio of 2.465:1 and a design 
rating of 9712 kw (13;019 horsepower) at 3157 rpm fan speed were operated at up 
to 105% speed at 60% torque and 100% speed at 125% torque. The over-the-wing 
(OTW) engine reduction gears which have a ratio of 2.062:1 and a design rating 
of 12,615 kw (16,910 horsepower) at 3861 rpm fan speed were operated at up to 
95% speed at 50% torque and 80% speed at 109% torque. Satisfactory operation 
was demonstrated at powers up to 12,172 kw (16,316 hp) , mechanical efficiency up 
to 99.1% (UTW), and a maximum gear pitch line velocity of 112 m/s (22,300 fpm) 
with a corresponding star gear spherical roller bearing DN of 0.85 x 10^ (OTW), 
Oil and star gear bearing temperatures, oil churning, heat rejection and vibra- 
tory characteristics were acceptable for engine Installation. 
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ABSTRACT 


This report covers the testing of two similar but different gear ratio Curtiss- 
Wright designed and built epicyclic star configuration reduction gears in a 
back-to-back rig. Testing demonstrated satisfactory operation prior to delivery 
to the General Electric Company for installation as the main reduction gears 
driving fans in Quiet Clean Shorthaul Experimental Engines (QCSEE) . The 
under-the-wing (UTW) engine reduction gears which have a ratio of 2.465:1 
and a design rating of 9712 kW (13,019 horsepower) at 3157 rpm fan speed 
were operated at up to 105% speed at 60% torque and 100% speed at 125% 
torque. The over-the-wlng (OTW) engine reduction gears which have a ratio 
of 2.062:1 and a design rating of 12,615 kW (16,910 horsepower) at 3861 rpm 
fan speed were operated at up to 95% speed at 50% torque and 80% speed at 
109% torque. Satisfactory operation was demonstrated at powers up to 12,172 
kW (16,316 hp) , mechanical efficiency up to 99.1% (UTW), and a maximum gear 
pitch line velocity of 112 m/s (22,300 fpm) with a corresponding star gear 
spherical roller bearing DN of 0.85 x 10^ (OTW). Oil and star gear bearing 
temperatures, oil churning, heat rejection and vibratory characteristics 
were acceptable for engine installation. 
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1.0 SUHMARY 


Two •liillar but different geer ratio epicyclic atar configuration main re- 
duction geara were deaigned end built by C^irtiaa-Wright for the General 
Electric Quiet Clean Sliorthaul Experinental Enginea (QCSEE). The unit for 
the under- the-wing (UTW) engine hae a gear reduction ratio of 2*463:1 and a 
deaign rating of 9712 kW (13,019 horaepower) at 3157 rpm fan speed. The 
unit for the over-the-wing (OTW) engine hae a gear reduction ratio of 2.062:1 
and a deelgn rating of 12,615 kW (16,910 horaepower) at 3860 rpm fan apeed. 

The two unite have Identical input, output, aupport and lubricant aupply in- 
terfacea with the engine* 

Deaign feaeurea coganon to both unite include the aun gear aupported by a 
double diaphrapi coupling, a fixed aupport for the atar geara, the atar 
geara aupported by double row apherlcal roller bearinga with the outer race 
integral with the atar gear, and the ring gear connected by a looae apline 
to the fan ehaft. The UTW unit haa alx atar geara and an operating gear 
pitch line velocity of 97.5 metera/aecond (19,200 feet/minute) at the deaign 
lOOX apeed. The OTW unit haa eight atar geara and an operating gear pitch line 
velocity of 119.3 metera/aecond (23,480 feet/minute) at the deaign lOOX 
apeed. 

Primary objectlvea of the teat program were to demonatrate aatlafactory op- 
eration and to determine operating character la t lea of each of the two re- 
duction gear deaigna at flight apectrum and experimental engine apeeda, 
powera and oil inlet temperaturea prior to Inatallatlon of the unite in air- 
craft development enginea. Specific objectlvea were: 

a. Verify aatlafactory bearing performance. 

b. Verify adequate gear lubrication, abaence of acoring. 

c. Verify aatlafactory gear tooth contacta over the operating torque 
range. 

d. Verify oil flow requirementa . 

e. Determine heat rejection ratea and reduction gear efficienclea. 

f. Identify natural frequency characterlatica of the ring gear. 

Teating waa conducted with two eaaentlally Identical unite inatalled in a 
back-to-back teat rig and torque loaded to aimulate engine operating condl- 
tiona. The rig deaign almulated aome engine reduction gear cavity and oil 
acavenging characterlatica. 

The UTW main reduction geara accumulated a total operating time of about 48.8 
houra in the Hopklnaon back-to-back teat rig. Satlafactory maximum power op- 
eration waa demonatrated at lOOX design speed with 125X torque load, while 
transmitting a total power of 12,172 kW (16, 316 hp). Satisfactory maximum 
speed operation was demonstrated with SOX torque load up to lOSX design 
speed, corresponding to a maximum gear pitch line velocity of 103 m/s 
(20,360 fpm), and a maximum star gear spherical roller bearing DN of 0.79 x 
10^ (baaed on bearing bore (stationary) In millimeters and outer race ro- 
tational speed In rpm). Measured UTW mechanical efficiency at lOOX design 
speed and power was 98. 9X, and Increased to 99. IX with 125X torque. 
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Th« OTW nain reduction gears accumulated a total operating time of about 36 
hours in the Hopkinson back-to-back test rig. Satisfactory maximum power 
operation was demonstrated at 90X deaign speed with 100% design torque, i^ile 
transmitting a total power of 11,342 kW (15,204 hp). Test rig power limi- 
tations restricted high speed, high power OTW operation. Satisfactory OTW 
maximum speed operation was demonstrated with 50% torque load up to 95% de- 
sign speed, corresponding to a maxiimnn gear pitch line velocity of 112 m/s 
(22,300 fpm), and a maximum star gear spherical roller bearing DM of 0.85 x 
10^. Measured OTW mechanical efficiency at 90% speed and 100% torque was 
98.7%. 

Two areas of concern, which would benefit from future investigation and/cr 
development. Include a slightly higher than anticipated power loss, attribu- 
table to excessive oil churning, and star gear axial movement or "wobble". 

Both the UTW and OTW reduction gears were delivered to the General Electric 
Company, Aircraft Engine Group, at Evendale, Ohio, for subsequent installation 
and test in the QCSEE UTW and OTW aircraft turbofan development engines, re- 
spectively. 
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2.0 INTRODUCTION 


The Quiet Clean Short-Haul Cxperinental Engine (QCSEE) Program la being con- 
ducted by the General Electric Company Aircraft Engine Group, under NASA 
prime contract NAS3-18021. The QCSEE program provides for the design, fabri- 
cation, and testing of two experimental high bypass geared turbofan engine 
and propulsion syst^s for short-haul passenger aircraft. Overall engine and 
propulsion system detailed design characteristics are presented for the UTV 
Engine in NASA CR-134847 (GE) ref. (1); and for the OTW Engine in NASA CR 
134848 (GE) ref. (2). 

Both engines utilize a lightweight turbine engine with a geared slower speed 
fan. Two similar englne-to-fan speed reducer gears but with different ratios 
were designed by the Power Systems Group, Curtlss-Wright Corporation under 
sub-contract to General Electric Company. These eplcyclic star configuration 
reduction gear designs are based on the concept of the primary stage of a re- 
duction gear developed by Curtlss-Wright for the Curtlss-Wright YT-49 and TP- 
51 turboprop engines. QCSEE requirements were in accordance with C-eneral 
Electric Specification M50TF1611 and the superseding Specification M50TF1672, 
ref. (3). The under-the-wing (UTW) engine reduction gear has a ratio of 
2.465:1 and a 100% power and speed rating of 9712 kW (13,019 hp) at 3157 rpm 
fan speed. The over-the-wlng (OTW) engine reduction gear has a ratio of 
2.062:1 and 100% power and speed rating of 12,615 kW (16,910 hp) at 3860 rpa 
fan speed. Reduction gear design details are covered In Quiet Clean Short- 
haul Experimental Engine Main Reduction G^ars Detailed Design Final Report, 

NASA CR-134872 (C-W) , ref. (4). 

Two complete sets of UTW engine reduction gears and three complete sets of 
OTW engine reduction j^^ars were fabricated by Curtlss-Wright for rig testing 
by Curtlss-Wright and subsequent installation In engines by General Electric. 

A separate star gear spherical roller bearing component test program was con- 
ducted by Curtlss-Wright to ensure satisfactory bearing operation prior to 
testing In the gear test rig. Detailed spherical roller bearing test results 
are reported in NASA CR-134890, "Main Reduction Gears Beating Development Pro- 
gram Final Report", ref. (5) (C-W). 

A back-to-back locked torque test rig simulating certain engine reduction gear 
cavity and oil scavenging characteristics was designed and procured. The 
planned test schedule defined In Section 4, Quality Assurance, of Specification 
M50TF1672 specified 50 hours of rig testing for the two UTW units, 160 hours 
of rig testing for two OTW units and 10 hours of rig testing for the third OTW 
unit with one of the previously tested OTW units. 

The actual test schedule and test conditions accomplished deviate from the 
planned schedule because of effort being redirected to Investigations of oil 
churning and other conditions encountered during this test program. 
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3.0 REDucTior (••;ar characteristics 


3.1 General 

The QCSEE UTW and OTW main reduction gears are similar but different ratio 
star configuration units designed with identical engine interfaces for in- 
stallation between the turbine and fan shafts in the engine housing. Cross 
section views and identification of parts for the UTW and OTW reduction gear 
units are shown by Figure 3.1-1 and Figure 3.1-2, respectively. 

The major reduction gear components are: 

a. Fixed star gear trunnion support 

b. Diaphragm type sun gear coupling 

c. Sun gear 

d. Star gears 

e. Ring gear 

f. Lubrication system components 

In the engine installation the star gear trunnion support is attached to a 
fixed engine housing member. The powe.- input to the reduction gear is through 
the sun gear which is supported by a flexible diaphragm type coupling attached 
to a similar coupling member o;i the engine turbine shaft. A lubricated clear- 
ance fir spline connects the coupling and sun gear. The star gears which mesh 
with the sun gear and ring gear are supported on the trunnions by spherical 
roller bearings which h.nve the outer race Integral with the gear. The power 
output is through the ring gear which is suppoited in the engine fan shaft by 
a clearance fit spline. The gear rims and attachments are designed for con- 
trolled deflections over a broad load range which together with gear support 
flexibility and accurate machining dimensional control provide equalization of 
gear tooth loading. 

Lubrication of the gearing is provided from the engine system througli a sin- 
gle connecting tube to an oil manifold attached to the star gear trunnion 
support. An annular passage distributes the oil to the individual trunnions 
for star gear bearing lubrication through radial passages in the trunnions 
and bearing inner races and to spray tubes which provide lubrication and cool- 
ing to the sun and star gear teeth. Two pads on the oil menlfold and special 
sleeves in two trunnions are provided for supplying oil to thj engine fan 
shaft bearings. 

Data applicable specifically to the UTW unit or OTW unit are provided in sub 
sequent Sections 3.2 and 3.3, respectively. 

3.2 UTW Unit 

The UTW engine reduction gear has a ratio of 2.465:1 and a current 100% ; over 
and speed rating of 9712 kW (13,019 hp) at 3157 rpm fan speed, revlced from 
the original design 100% power and epeed rating of 9781 kW (13116 hp) at 3143 
rpm fan speed. T.iis unit has six equally spaced star gears. The star gear 
trunnion length prov<des for the installation of a fan variable pitch mecha- 
nism (VPM) support clamped between the bearing nut and the bearing inner race. 
A photograph of the UTW reduction gears with a simulated VPM support Installed 
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QCSEE Hain Reduction Gear 
L’nder-The-Wing (UTW) i’nit 





Figure 3.1-2 QCSEE Main Reduction Gear 
Over-The Wing (OTW) Unit 
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and the loose sun and ring gears In their relative positions Is shown by Figure 
3.2-1. The internally splined center member shown is the test rig coupling. 

Speed and load data based on 100% power and speed are: 

Gear pitch line velocity 97.5 m/s (19,200 £t/mln) 

Star gear speed 10,625 rpm 

Star gear bearing load 33,171 N (7457 lbs) 

Star gear spherical roller bearing D-N ....... 0.74x 10^ 

Gear data are shown by Table 3-1. Star gear bearing data are shown by Table 
3-2. 


Design flight operating parameters and experimental engine test cycle includ- 
ing oil flow data are shown by Table 3-3 and Table 3-4. MIL-L-23699 oil with 

a maximum Inlet temperature of 358®K (185“F) was selected for the reduction 
gear test operation. 


TABLE 3-1. UTW REDUCTION GEAR 

GEAR DATA 

Item 

Sun Gear 

Star Gear 

Ring Gear 

No. of Teeth 

71 

52 

175 

Pressure Angle, deg. 

21 

21 

21 

SI Units 




Module 

3.3722 

3.3722 

3.3722 

Pitch Diameter, mm 

239.43 

175.36 

590.14 

Center Distance, mm 

207.39 

- 

207.39 

Gear Face Width, mm 

47.1 

51.5 

45.9 

Backlash, mm 

.102 - .152 

.102 - .152 

.127 - .203 

English Units 




Diameteral Pitch 

7.5321 

7.5321 

7.5321 

Pitch Diameter, in. 

9.4263 

6.9038 

23.2339 

Center Distance, in. 

8.165 

- 

8.165 

Gear Face Width, in. 

1.856 

2.03 

1.806 

Backlash, in. 

.004 - .006 

.004 - .006 

.005 - .008 

Contact Ratio (min) 

2.01047 


1.98347 

(Max. break edges) 




Material 

AMS 6265 

AMS 6265 

AMS 6470 


(SAE 9310) 

(SAE 9310) 
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Figure 3.2-1. UTW Unit Reduction Gear 


TABLE 3-2. UTW REDUCTION GEAR 



Time Power Fan Speed Oil Flow 
% % Rpm cm3/s (GPM) 

1.11 NIL - 1356 (21.5) 

13.78 0.8 900 1356 (21.5) 

2.71 100.0 3157 1451 (23. ) 

11.11 88.2 3104 1407 (22.3) 

11.11 66.0 3340 1369 (21.7) 

31.11 60.7 3408 1407 (22.3) 

22.22 18.0 1985 1211 (19.2) 

6.67 70.0 3090 1356 (21.5) 

0.18 50.8 3408 1350 (21.4) 

100% Power = 9712 kW (13,019 hp) 


Oil Pressure 
N/cm2 (PSD 

28 (41) 

28 (41) 

32 (47) 

30 (44) 

29 (42) 

30 (44) 

23 (34) 

28 (41) 

28 (41) 


Condition 

Start 

Idle-Taxl 

Take-Off 

Climb Seg 1 

Climb Seg 2 

Cruise 

Descent 

Approach 

Reverse 




TABLE 3-4. 

UTW REDUCTION GEAR 



EXPERIMENTAL ENGINE TEST CYCLE 

Time 

Fan Speed 

Power 

Oil Pressure 

Hrs 

Rpm 

kW (hp) 

N/cm2 (PSI) 

1 

3406 

9804 (13142) 

32 (47) 

16 

3119 

11809 (15830) 

31 (45) 

15 

3157 

10973 (14709) 

34 (49) 

150 

3157 

9806 (13145) 

32 (46) 

500 

2919 

7845 (10516) 

30 (44) 

1000 

2433 

4902 ( 6571) 

28 (41) 

1000 

973 

236 ( 317) 

20 (29) 
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3.3 OTW Unit 


The OTW engine reduction gear has a ratio of 2.062:1 and a lOOZ power and 
speed rating of 12,615 kW (16,910 hp) at 3860 rpm fan speed. This unit has 
eight equally spaced star gears. The star gear trunnion length provides for 
the installation of engine oil tube supports clamped between the bearing nut 
and the bearing inner race and key slots in the trunnions provide for main- 
taining alignment of the supports. A photograph of the OTW reduction gears 
with the loose sun and ring gears In position is shown by Figure 3.3-1. The 
internally spllned center member ah'* . the test rig coupling. 

Speed and load data based on lOd? u- ^ ind speed are: 

Gear pitch line velocity 119.2 m/s (23,477 ft/min) 

Scar gear speed 14,990 rpm 

Star gear bearing load 26,432N (5942 lbs) 

Star gear spherical roller bearing 0.90 x 10^ 

Gear data are shown by Table 3-5. Star gear bearing data are shown by Table 
3-6. 


TABLE 3-5. OTW REDUCTION GEAR 

GEAR DATA 

Item 

Sun Gear 

Star Gear 

Ring Gear 

No. of Teeth 

81 

43 

167 

Pressure Angle, deg. 

‘21 

21 

21 

SI Units 




Module 

3.5335 

3.5335 

3.5335 

Pitch Diameter, mm 

286.2110 

151.9392 

590.0895 

Center Distance, mm 

219.1 

- 

219.1 

Gear Face Width, mm 

37.6 

42.7 

37.6 

Backlash, mm 

.102 - .152 

.102 - .152 

.127 - .203 

English Units 




Diametral Pitch 

7.1884 

7.1884 

7.1884 

Pitch Diameter, in. 

11.26815 

5.98186 

23.23187 

Center Distance, in. 

8.625 

- 

8.625 

Gear Face Width, in. 

1.48 

1.63 

1.48 

Backlash, in. 

.004 - .006 

.004 - .006 

.005 - .008 

Contact Ratio (min) 

2.07490 

- 

2.05664 

(.010 Max. Break 




Edges) 




Material 

AMS 6265 

AMS 6265 

AMS 6470 


(SAE 9310) 

(SAE 9310) 
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TABLE 3-6. OTVt REDUCTION GEAR 


BEARING DATA 


Vendor. Part No SKF 22312 VAM 

Type Double Row Spherical Roller (Special) 

No. of Rollers (ler Row) 14 

Size of Rollers . 18 on x 17.64 mm 

Dynamic Capacity. ”C" ... 202,400 N (45,500 Lbs) 

Materials : 

Outer Ring (Integral with Gear) Carburized AMS 6265, Rc 60-63 

Inner Ring CVM M-50 Steel, Rc 60 Min 

Rollers CVM M-50 Steel, Rc 60 Min 

Cage AMS 4616, Silver Plated 

Bore Dla*, am 60 

Mean Dla. , am 95.0 


Design flight operating parameters and experimental engine test cycle includ- 
ing oil flow data are shown by Table 3-7 and Table 3-8. MIL-L-23699 oil with 
a maximum inlet temperature of 358*K (185”F) was selected for reduction gear 
test operation. 


TABLE 3-7. OTW REDUCTION GEAR 


FLIGHT OPERATING PARAMETERS 


Condition 

Time 

% 

Power 

% 

Fan Speed 
Rpm 

Oil Flow 
cm3/s (GPM) 

Oil Pressure 
N/cm2 (PSD 

Start 

Idle-Taxl 

1.11 

13.78 

NIL 

0.8 

573 

1073 (17 ) 

15 (22) 

Take-Off 

2.71 

100.0 

3860 

1956 (31 ) 

35 (51) 

Climb Seg 1 

11.11 

88.2 

3640 

1893 (30 ) 

33 (48) 

Climb Seg 2 

11.11 

66.0 

3725 

1893 (30 ) 

33 (48) 

Cruise 

31.11 

60.7 

3657 

1855 (29.4) 

31 (45) 

Descent 

22.22 

18.0 

2365 

1577 (25. ) 

23 (34) 

Approach 

6.67 

70.0 

3104 

1754 (27.8) 

28 (41) 

Reverse 

0.18 

50.8 

3848 

1943 (30.8) 

34 (50) 

100% Power “ ; 

L2.615 kW (16,910 hp) 


i 











TABLE 3>8. OTW REDUCTION GEAR 



Tine 

Hrs 


1 

16 

15 

150 

500 

1000 


Fan Speed 
Rpm 

Power 
kW (hp) 

Oil Pressure 
N/CM2 (PSD 

3982 

12532 (16799) 

34 (50) 

3904 

13199 (17693) 

36 (52) 

3848 

13015 (17446) 

36 (52) 

3848 

12531 (16798) 

34 (50) 

3413 

10025 (13438) 

32 (47) 

2844 

6266 ( 8399) 

30 (43) 

1137 

621 ( 833) 

26 (37) 










4.0 APPARATUS AHD PIUJCEDURE 


4.1 Teat Facility 

The teat facility conaiaf.a of an encloaed teat cell widi an adjacent control 
room from which the teat rig ia viaible during operation. 

The teat cell. Figure 4.1-1, includea a raiaed baae with bedplate on which the 
prime mover, apeed increaaer and reduction gear teat rig are mounted. Alao 
located in the teat cell are the teat rig lubrication ayatem and the torque 
loading hydraulic power pack. Water and ateam for oil cooling and heating, 
reapectlvely, and compreaaed air are provided. 

The control room, Figurea 4.1-2 and 4.1-3, containa the neceaeary equipment 
for controlling apeed, torque load, oil preaaure and oil temperature and in- 
atrumentation for monitoring apeed, load, temperaturea , oil preaaurea, oil 
flowa and unit dynamic and acouatic characteriatica. The equipment alao in- 
cludea vlaual and audible warning aignala for hl^ temperaturea, low oil 
preaaure and metallic chip detection. 

4.1.1 Prime Hover 

The prime mover ia two General Electric Type TLCllO electric dynamometera in- 
atalled in tandem and operating aa a motor. Each unit ia rated at 680 ampa 
at 250 volta input with an output of 149 kW (200 hp) and a apeed range of 850 
to 3000 rpm for a combined rating of 340 kW (455 hp) input and 298 kW (400 hp) 
output. Power for the dynamometer ia provided by a motor-generator unit lo- 
cated in the plant power houae. Overload protective circuit breakera are 
provided in the dynannmeter control electrical circuit and at the motor- 
generator unit. 

Each dynamometer unit haa aeparate handwheel type apeed controla for both 
coarse and fine apeed adjustment. Instrumentation Includes a voltmeter for 
the motor-generator unit voltage, a voltmeter and anneter for each dynamom- 
eter and a dynamometer speed indicator. The dynamometer drives the test rig 
through a 3.3:1 ratio speed increaaer which haa an integral lubrication aya- 
tem. 

4.1.2 Lubrication System 

The test stand lubrication system consists of an oil reservoir, supply pump, 
oil pressure controls, 25 micron filter, flowmeters and an oil flow weigh 
tank. Figure 4.1-4 is a schematic of the lubrication system. The flowmeter 
arrangement is shown by Figure 4.1-5. 

The main oil tank is located on a platform scale. An electrically driven 
pump delivers the oil from the tank to the system. A relief valve and pneu- 
matically operated pressure control valve are located between the pump and 
the heat exchanger. A manually operated valve controls the flow of steam to 
the heat exchanger for heating the oil and a thermostatically controlled tem- 
perature regulator controls the flow of water to the heat exchanger for oil 
cooling. A bypass line with a manually operated valve is provided between 
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the heet exchanger and the filter for recirculating the oil back to the tank 
for prestart heating. 

All oil to the teat rig passes through a 25 micron filter at constant temper- 
ature and then Is divided Into two branches of the system. One branch sup- 
plies the oil to the reduction gears and the other to the test rig bearings. 
Pttwimatlcally operated pressure controllers provide Independent control of the 
oil pressure In the two branch systems, two for the reduction gears and one for 
the test rig bearings. 

" The reduction gear branch provides flow at constant pressure to each of the tWo 
reduction gear units and to a third line Into the rig housing on the test end 
of the rig to simulate the return oil flow from fan shaft bearlxig lubrication 
In the ei^lne. The latter has a manual shut-off valve. The oil pressure in 
the reduction gear flow can be adjusted frcm the control room to simulate the 
engine oil supply for the particular speed/load operating condition. 

The test rig branch Is divided for flow to each end of the test rig for rig 
bearing lubrication. Each of the five oil lines contains a turbine type> flow- 
meter. 

The oil return lines from the test unit end of the test rig (A & B of Figure 
4.1-4) go to a hopper or holding tank which has a manually operated drain 
valve for checking the return flow rate from the reduction gear. When the 
valve Is open, the oil drains directly from the holding tank into the main 
oil tank. Oil fraa the other drains on the rig return directly to the main 
oil tank. 

UTW unit test operation was conducted with Specification MIL-L-23699 oil sup- 
plied by Royal Lubricants. Initial OTW unit test operation used Aeroshell 
Turbine Oil 555 but subsequently MIL-L-23699 oil was used. The two lubricants 
are similar but the Aeroshell 555 is reported to have a higher Ryder Gear Test 


rating than MIL-L-23699. Following is a brief comparison of the two oils; 
viscosity and specific gravity are acttial checks. Ryder Rear Test Rating Is 
from vendor: 

Characteristic 

MIL-L-23699 

Specification 

MIL-L-23699 
Royal Lubricants 

Aeroshell 
Turbine 555 

Viscosity 0 210*F. cs. 

5.00-5.50 

5.2 

5.2 

Specific gravity 

- 

.951 

.941 

Ryder Gear Test Rating. 
Ib/ln 

2142-2652 min. 3000 

>3000 
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4.1.3 Tor^ Loadlim Hydraulic Systi 




ni« torque load la Introduced Into the gear ayataa by elx hydraulic raae at- 
tadied to the teat rig. A hydraulic power pack. Figure 4.1-6, provldee the 
hydraulic preaeure for actuatli^ the torque loading rasa. Hie unit preeaure 
cMtrol la adjuetable tram the teat facility control rocs to provide and aaln- 
t alff any preaeure level aettlng required to slaulate engine torque loede In 
tlM reduction geara being tested. 


4.2 Test Rig 

The test rig Is a Hopklnson type back-to-back unit wherein two Identical ratio 
reduction gears are torque loMled against each other and the driving effort is 
only that power required to overcoae Internal losses. A cross-section of the 
rig with UTW reduction gear units Is shown by Figure 4.2-1. The rig housing 
consists of two sections; one Is stationary and the other, attached to the 
stationary one through a large dlanwter thin section four point contact ball 
radial bearing. Is rotatable through a Halted angle by six hydraulic rams 
shown In the drive end view of the test rig. Figure 4.2-2. 


The gear unit stationary star gear supports are attached to the rig housing 
sections. The input shaft Is supported in the rig housings by a ball bearing 
at one eiul and a cylindrical roller bearing at the other end. The connecting 
shafts for the ring gears are supported on the Input shaft by a pair of wave 
spring axial pre-loaded face-to-face mounted angular contact ball bearings. 

The ring gear connecting shafts and the ring gear retaining shrouds simulate 
the General Electric engine fan shaft configuration. Also attached to the 
Input shaft through splines are tw> diaphragm type couplings for attachment of 
the two similar type gear unit couplings tdilch support the sun gears. Thus, 
with the star gears on the stationary support trunnions the gear meshes form a 
closed loop. Application of pressure to the torque loading hydraulic rams and 
rotating the drive end section of the rig housing and attached star gear sup- 
port relative to the stationary section of the housing and attached star gear 
support, introduces torque loading into the gear system. In this arrangement 
one unit functions as a speed reducer and the other as a speed Increaser. 

The input shaft rotation viewed from the drive end is counterclockwise for 
this test rig. The torque loading direction induced by extending the hydrau- 
lic rams is such that the gear unit in the rig drive end housing operates as 
a speed increaser and the gear unit in the stationary housing operates as the 
speed reducer. The latter is the test unit. 
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The test unit is loaded and rotates in the same direction as in the engine in- 
stallation. Although the gear tooth loading is in the same relative direction 
for both units » the speed Increaser or slave unit rotates in the opposite di- 
rection relative to that in the engine installation. 

A conical baffle and a screen shown in the test unit end of the rig In Figure 
4.2-1 were included to further slsnilate the walls in the engine reduction gear 
housing. The screen shown was replaced by an engine part, G.E. P/N 4013101- 
852G02, and a screen support, G.E. P/N 4013101-907P01 at the time of rig fab- 
rication. 

Provision was made for installing a slip ring assembly around the center mem- 
ber of the ring gear connecting shaft for transferring signals from strain 
gages installed on the test unit ring gear. 

An adapter which mates with the gear unit oil supply tube Is provided In the 
cover on each end of the test rig for delivering oil to the gear units. The 
test unit oil connection Is shown in Figure 4.2-3. An additional connection, 
Figure 4.2-4 was Incorporated In the top of the housing on the test unit end 
of the rig to Introduce oil simulating engine shaft bearing oil which Is dis- 
charged into the gear cavity for scavenging. 

The rig bearings are lubricated through a connection on each of the end covers. 
The input shaft supporting ball and roller bearings are each lubricated by two 
jets. The bearings between the ring gear connecting shaft and the input shaft 
and the sun gear to coupling splines are lubricated by jets fed from a drilled 
passage down the center of the Input shaft from the test unit (anti-drive) end. 
This passage is filled by excess oil flow from a jet on the cover on the test 
unit (anti-drive) end of the rig, the same oil source that supplies the oil to 
the cylindrical roller bearing. A baffle on the reduction gear test unit side 
of the intershaft bearing Isolates bearing oil flow from the test unit cavity. 
Oil from the bearings drains through radial and axial passages In the ring gear 
connecting shaft center member Into the slave unit oil cavity. 

Scavenging of the test rig Is by gravity. The major drains are In the end 
housings directly beneath the gear units. An additional drain for oil 
collecting Inside the star gear support Is located In each of the end cover 
pilot rings. In the test unit end of the rig the latter drain is joined to 
the main drain and feeds into the lubrication system holding tank for check- 
ing oil flow distribution within the rig. Drains are also provided in each 
of the end covers for the rig Input shaft bearing cavities. A drain located 
in the center of the main housing takes care of any oil spillover from the end 
housings. Additional drains and drain modifications incorporated during the 
course of the testing are discussed In the test section of this report. A 
drain adapter tube, G.E. P/N 4013179-783G01, which simulated the engine strut 
drain area was provided by General Electric and Installed on the main drain 
from the test unit end of the rig. This part is seen in Figure 4.2-3. All 
drains except as noted above return to the lubrication system main oil tank. 

The test rig is vented by a breather filter located in the top near the cen- 
ter of the main housing. 
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AssM^ly of tho toat rig ia eovar^ by QCSB Main Baductioa Caar aaaM^ly pro- 
eathira Q(Sn A-3t UTW Unit Taat Rig, irtiich la toeludad 1 a tha Appandix. 

4.3 UTW Taat Bai^wara 

lITt) taat bardiwra two ^xq^lata aata of raductlon gaar hardwara aa 

daaeribad in Sactiona 3.1 and 3.2 and alunm by Flgura 3.1-1 la thin raport 
with axcaptiona aa liatad balow. Raduction gaar aaaaably ia covarad in tha 
QC8IB Main Raductlon Gaar aaaMbly procaduraa QC8R A-1 UTW Star Gaar and 
Support SubaaaM^ly, QCSU A-2 UTW Sun Goar Subaaaai^ly. and QCSSB A-3 UTW 
tteit Taat Rig idiieh ara toc^od iA tha J^pmdix. 

Oil alaava P/M 18S147 waa ua^ in all aix atar gaar aupport tnumiona, two 
roplacing two P/M 185179 idtieh wara not raquir^ for fan ahaft thruat baar- 
ing lubrication. 

Spacial apray tuboa. P/M ES164354. idantical to P/M 185144 axcapt with tha 
angular diractiim of tha Jata rovaraad, wara uaad on tha alava imit bacauaa 
of diractimi of rotation baing oppoaito that of tha taat unit and tha unit 
aa toatall^ in tha angina. 

A aiaulatad variabla pitch aaehanlaa aupport. P/M 185150 ima inatallad on tha 
atar gaar aupport trunniona to duplicato trunnion doflactlon raatralnt coi^i- 
tiona axiating la tha angina. Baaring taaq^ratura thanocouplaa wara alao 
tocorporatad in thia aupport. 

Two covara with gaakata wara uaad to cloaa oponlnga in tha back of P/M 490640 
oil aanlfold idiich ware provide for tha ai^laa fan ahaft raar baaring lubri- 
cation connactiona. 

4.4 OTW Teat Hardware 

OTW teat hardware Included two ccnqpleta aata of raduction gear hardware aa 
daaeribad in Sactiona 3.1 and 3.3 and ahown by Figure 3.1-2 in thia raport 
with axcaptiona aa liatad balow. 

Oil alaava P/M 185161 waa uaad in all eight atar gaar aupport truimlona. two 
replacing two P/M 185225 which ware not require for fan ahaft thruat baaring 
lubrication. 

Spacial apray tubaa. P/M SK03(^76. idantical to P/M 185144 Mcapt with the 
angular diractlon of tha Jata ravaraad. wara uaad on tha alava unit bacauaa 
uf diractlon of rotation baing oppoalta that of tha taat unit and tha unit 
aa Inatallad in tha angina. 

Flat waahara with baaring teaparatura thanocouplaa incorporatad wara in- 
Btalled in placa of tha G.E. oil tuba aupport on aach atar gaar trunnion. 
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Two cov«rt with |Mkat« w«r« utcd to clot* opmiAgi in tho back of P/N 490647 
oil araifeU ^ioh worn prowitfod for tho Mgtoo fan shaft roar baar^ li^ri- 
eatite connaetiottB. 

4.5 ItMtirunantation 

Toot ri% ^truMBtation incliiM oi * wonparaturaa, baaring tan^araturast oil 
t^aasuraa, oil floM, torqua loading ^raulie praasura. dynoMaatar apa^, 
taat toput spaad, rig driw^ tor^, wibratira, ri^ gaar dynaie strain 
gMigaa, and two 

Itaaqwraturas wars raad froa a ecmtljMioiiB baluea praciaion inlicating potanti- 
oaatar nnroaatar iHiieh IjMliidad aalactor owitclMa for tte todiwidual tharao- 
Muplaa. A b^Imt rMording typa unit iraa usad for salaetad oil «id baaring 
tM^araturaa to ^aarva traaslant tMparaturaa and atabllia^ taa^ratura 
points dur^ and folloi^ig spaad Md/or load chugas. 

1 %a taa^aratura of oil flowlj^ to tha taat rlK mm autaaatieally aalntainad 
by ra adjuatabla tai^ratura eratrollar locatad in tha taat facility control 
panel. Thia instruant ragulat^ the thorn of water or staM through the hast 
axcha^ar to achleva the sat daairad taa^rature. 

A tharaocoupla was Installed in each oil tolet to tha taat rig. Thaaa loca- 
tions warat 


a. Test gaar unit oil supply 

b. Rig ba«rinM ~ Taat (nti-driva) md 

c. Auxiliary oil supply 

d. Slava gaar unit oil supply 

a. Rig baarii^s - Slava (drlva) rad 

Tlw tM^ratura of oil laavlng tte rig was dataralnod with tharaocouplas at 
aach of tho followli^ locations: 

a. Tost gaar unit Min drain 

b. Tost gaar unit and covor pilot ring drain 

c. Slava gaar unit Min drain 

d. Slava gear unit sod cover pilot rii^ drain 
a. Tost rig housing cantor drain 

f. Rig boaring cavity drain - Tost (anti-drlvo) rad 

g. RI 4 baaring cavity drain - Slava (driva) and 

Tha baaring limar raca taavaratuas vara SKmltorod by tharaocouplas installad 
in tha slaulat^ variabla pitch aachanira support or in individual washers 
clanqiad batvara tha baarii^ and tte bearii^ nut. Tha tips of tiM tharao- 
couplas wars in contact with tha forward faca of tha baaring raca. Thass 
tharaocouplas ware locatad on tha radial lira batvara tho cantor of tha sun 
gaar and the star gaar. 
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oil prtMUMt vtr* i^ic«t«d by dial gaugas loeati^ In tba taat facility con- 
trol paMl md comactad to tlM following oil ^at locatlona on tha taat rig. 

a. Taat gaar trait oil aupply 

b. mg baarl^ oil attpply - Taat (antl-drlva) and 

c. JUratllary oil mipply 

d. Slava gaar trait oil at^ply 

a. mg baarlng oil a«^ly - Slava (driva) and 

Oil flora rara raaaur^ by turbliM typa floraatara with tba fraqumey Indl- 
catad by a digital prarat fraquraicy ctrantar. A calibration chart for aach 
floraatar raa traad to convart tlw obaarvad fraquanelaa to acttral oil flora. 

Tba floraatara ara ahotra In Flfpira 4.1-5. 

The hydraulic praaaura on the torqua loading Iqrdraullc cyllndara raa indlcatad 
by a praaaura gauga with 0 - 1500 pal rraiga and the dial graduatad in 1 pal 
toerraanta. Tha praaaura gauga ratratad on tha control praal la aaan in Flg- 
ura 4.1-3. 

Tha dynaaoMtar apa^ raa ahown by a taebraatar actlvatad by a algnal ganara- 
tor on tha and of tha dynraoratar abaft. A ravolutlon countar oparatlng frra 
tte aaaa algnal ganarator raa uaad for a nora prralaa apaad chack. 

A Labow torquraatar In tha drlvs 11 m batvaan tha taat facility apaad In- 
craaaar and tha tact rig waa auad to Maaura the rig driving torqua. In ad- 
dition to providing an indlcatton of tha porar loaaaa in tha gaar unite In 
tha taat rig, tha torquaratar provldaa tha aarllaat indication of any change 
in tha oparatlng parfornanca of tha gaazing being taatad. Tha torquaMtar 
alao Included a apaad algnal pickup irtilch waa fad Into a digital praaat 
coimtar for direct reading of tha taat rig Input apaad. 

The Input power voltage and aaq>araga for each dyntfraratar waa Indlcatad by 
Inatrraanta in the control panel. Tha aaraatera have a range of 800 - 0 - 1500 
rai^araa with acala graduatlOM of 50 oqparaa and tha voltMtara have a range 
of 0 - SOO volta with acala graduatlona of 10 volta. 

The UTW taat trait ring ^rwaa Inatnraantad with atraln gagea to check ring gaar raara- 
aoca and atraaa during atap-load taat operation. A total of 12 atraln gagea 
rara Inatalled on tha outaida of the ria and rab aectloM In locatlona aa 
followa and further deflMd by Figure 4.5-1. 

Six approxlutaly equally apacad gagea ware located on the tapered end of tha 
rtog gaar aectlon. Frar gM** vara located on tha heavier and of tha ring 
gear aaction at approxlmtaly 0*, 60*, 180* and 240* axially In line with 
gagaa on tha tapered aectlon. Each of the rln gagea waa located in 11m with 
the gaar tooth apace or thlmieat aectlon of tha rlai. Tra gagaa ware Inatalled 
on the thin aectlra connecting tha gaar and th« apllna approxiauitaly 180* 
apart and axially in ali^Enant with palra of gagea on tha gaar rln. 

The atraln gage algMla ware trrainiltted fron the rotating gaar through a 
allprlng aaaM^ly, aotratad on the hub connecting ttra ring gear aupport ahafta, 
and atatioMty contact flngara. The allprlng iMtallation la ahown In Figure 
4. 2- la. The atraln gage algMla rara recorded on nagnetic tape for aubaequent 
aMlyaia. 
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A cinid«ti«4iir type aieroplioiiet Altec Nedel lA^t plecoil un tlir rip I'enlerl Im* 
neer cHw upper pure ul eueh end etiver «mu umnI ee iNHilcHily MMnlior K'ni op- 
eretlon. The eutput fro* the Mierophone nt Che Ceet unit end of the rip, 
figure 4.2*3, «me recorded for poeeible eo«»d end elbretlon Molyeie end ^or- 
reletlon etch ocher vibreclMi plcluip lAecri»mtetl<m. 

Vibredon pickitpe were ineceUed on ctM dyneaoneter, fecillty epeed Increeeer 
ac aeiwral potace on the rig teat rig. Locetlona on the teat rig eere aa 
foiloMi 


Direction 


Location 


Mounting 

Vertical 
Horixontal 
Fore/ Aft 

Slave 

Slave 

Slave 

(Drive) end 
(Drive) end 
(Drive) end 


Bracket on ater gear 
aupport bolt circle 

Vertical 

Teat 

(Anti-drive) 

end 

Center top of houaii^ 
flange plate 

Itoriaontal 

Fore/Afe 

Teat 

Teat 

(Aftti-drive) 

(Anti-drive) 

end 

end 

Bracket on ater gear 
aupport bolt circle 

Fore/ Aft 

Teat 

(Anti-drive) 

end 

Lower center, houaing 
flange plate 

Fore/ Aft 

Teat 

(Anti-drive) 

end 

Lower aide, houeirq 
flange plate 


A echcsecic of the vibration pickup locatlona ia ahown by Figure 4.5-2. 

4.6 Teat Procedure 
4.6.1 Pre-Teat Procedure 

Prior to initial aaaeadily, oil flowa for each gear lubrication epray tube, 
each etar gear eupport trunnion (bearing lubrication) and the etar gear aup- 
porta withbeeringa inatalledMre checked abd flow veraua preaaure calibration 
eurvea plotted for reference. Oil flow to the teat rig bearlnga vaa aleo checked. 

The rig input ahafe waa dynamically balanced to 3.6 g-cm (.05 ot - inch) with 
the rig and gear unit couplinga inatalled on the test unit end of the ahafc. 
Index marka were placed on the coupling and ehaft for alwaye reinetalllng the 
coupling in the aa balanced poaition. The alave unit end rig and gear unit 
couplii^B were aaaei^led and balanced aa a aeparate aubeaaeiftly to allow in- 
atallatlon on t)M ehaft in the relationahip required for proper gear meehing 
and torque leading hydraulic rm poaition. 

The ring gear connecting ahaft end ahrouda iMre dynamically balanced aa a unit 
to 3.6 g-cm (.05 ot - inch) by rotating on the center aupport bearinga mounted 
on a atationar, ahaft. 
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F & A MOUNT 
F & A ACCEL 








The gear units were Installed in the test rig and gear tooth contact pattern . 
checks perfomed at 2SZ and 120Z of rated torque. A Chin layer of red lead 
was applied to the test unit star gear teeth prior to installation. The tor- 
que loading was applied by the hydraulic raas and the sun gear shaft rotated 
manually. The test unit sun gear was then removed to provide access to the 
star gears. The contact patterns were lifted frcn the respective sun gear 
and ring gear contact faces of the star gear teeth using Scotch Haglc tape 
and were aaiunted on a sheet of white paper stock. 

All oil passages in the lubrication system and test rig were flushed and In- 
spected prior to test operation. After completion of the pre-test operations 
the assembled test rig was Installed on the test stand. 

4.6.2 Test Operation 

Development Engine Instruction (DEI) sheets are Issued to provide detailed 
Instructions for most assembly and test operations. Scheduled test operation 
was for short duration step-load tests with vibration and sound level charac-^ 
terlstlcs surveys followed by cyclic speed/load operation simulating flight 
conditions and experimental engine operation. The proposed step-load test 
schedule Is shown by Table 4-1. The proposed cyclic test schedule for the 
UTW unit Is shown by Table 4-2 and for the OTW unit is shown by Table 4-3. 
Conditions encountered during the Initial UTW unit test operation resulted In 
deviations from the planned schedules. 

The assembled test rig Is Installed on the test stand and drive alignment es- 
tablished. Oil lines and instrumentation are connected and checked for proper 
operation. The oil temperature and oil flow rates are set In accordance with 
the DEI and a light torque load is applied to the gear unit prior to start-up. 
The scheduled sequence of load/speed/oil flow/oil temperature and any other 
variable parameter test points are prescribed in the DEI. 

Test data are recorded on log sheets, generally at 15 minute Intervals. Two 
classes of data were recorded: one pertaining directly to the reduction gear 

test units operation and one related to the general test facility operation. 
The reduction gear test unit data include: 

a. Rig input speed 

b. Rig driving torque 

c. Torque loading hydraulic pressure 

d. Gear unit oil supply pressure 

e. Gear unit oil supply temperature 

f. Oil out temperature 

g. Gear unit oil supply flowmeter indicated frequency count 

h. Gear unit bearing temperatures 

1. Test rig vibration pickup readings. 

The following data calculated from the above are also entered on the log 
sheets. 

a. Rig driving horsepower 

b. Simulated power locked In the gear train- 

c. Oil flows. 
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Data not directly related to the gear unit operation but used to monitor the 
operation or aa a check on data frcm other aourcee Include the follotrlng: 

a. Time of day 

b. DynaaoBieter apeed, current, voltage and calculated Input potier 

c. Teat rig bearing oil aupply preaauires 

d. Teat rig bearing oil aupply and bearing cavity oil drain t«spera- 
turea 

e. fiynaac^ter bearing teaiperaturea 

f. Facility speed increaser bearing and oil teq>eratures 

g. Facility apeed Increaaer vibration pickup readings 

h. Dynaffimeter field temperatures. 

In addition to data recorded on the log sheet, sound, vibration pickup and 
accelerometer data are recorded on tape for subsequent analysis. Also, at 
specified Intervals oil samples are taken for spectrographlc analysis for 
change In metallic content. 

Following specified speed/load operating levels, the test unit sun gear is 
removed for visual inspection of the sun ami star gear teeth. Removal of the 
test rig from the stand and complete disassembly of the reduction gear units 
for inspection of all gears and bearings is scheduled following specified 
operating time or speed/load milestones. 


TABLE 4-1. QCSEE MAIN REDUCTION GEAR 

PROPOSED STEP LOAD TEST SCHEDULE 



Estimated 

Torque 

Speed 

Time 

% Rated 

% Rated 

Mln/Test Pt 

25 

25, 50, 75, 100 

15 

50 

25, 50, 75, 100 

15 

75 

25, 50, 75, 100 

15 

100 

25, 50, 75, 100 

15 

110* 

25, 50, 75, 100 

15 

120** 

25, 50, 75, 100 

15 

*0TW Unit Only 


**UTW Unit Only 


Oil . . 


Oil inlet temperature 185®F (358®K) 
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TABLE 4-2. UTW EEDUCTIQM 


TEST COMDITKmS (PROPOSE)) 


Oil Inlet Tenperature 185*F (358*K) 

Phase I: Flight Conditions Similatlon 

2-2 Hour Cycles 
5-8 Hour Cycles 


Condition 


Idle-Taxi* 

T-0 

Climb 

Climb 

Clinb/Approach 

Cruise 

Cruise/Descent 

Total 


Power 

HP 

kW 

317 

236 

13019 

9712 

14097 

10516 

11488 

8570 

8594 

6411 

7907 

5899 

2346 

1750 



2 Hour Cycle 


Cycle I Total 



Time - Hr . • Min 
8 Hour Cycle 


Cycle I Total 


5:00 
5:00 
5:00 
5 

5:00 
5 

10:00 

40:00 


♦Experimental engine operation point. 



Phase II: 

Experimental Engine Operation Points (Proposed) 
4 - 1-1/2 Hour Cycles 


Condition 


Min Speed/Torque* 

High Time 

Max Torque 

High Torque 0 RPM 

Overshoot 

Max Speed 

Total 


Power 

HP 

kW 



6571 

4902 

15830 

11809 

14709 

10973 

15907 

11867 

13142 

9804 


Fan Speed 
RPM 


Time-Hr:Min 
1-1/2 Hour 
Cycle 


Cycle I Total 



♦Flight cycle idle-taxl 































TABLE 4-3. OTW MDUCTIOH GEAR TEST COMPmONS (PROPOSED) 
Oil Inlet Temperature 185*F (358*K) 


Phase I: Flight Conditions Simulation 


S - 2 Hour Cycles 
18-8 Hour Cycles 


Condition 



Fan Speed 

Time -Hr: Min 


i^er 

2 Hour Cycle 

8 Hour Cycle I 

HP 

kW 

RPM 

Cycle 

Total 

Cycle 

Total 

Idle-Taxl* 

833 

621 

1137 

0:15 

1:15 

1:00 

18:00 

T-O/Climb 

16351 

12198 

3596 

0:15 

1:15 

1:00 

18:00 

T-O/Rev 

16910 

12615 

3860 

0:15 

1:15 

1:00 

18:00 

Climb 

13685 

10209 

3686 

0:15 

1:15 

1:00 

18:00 

Cruise 

8756 

6532 

3657 

0:15 

1:15 

1:00 

18:00 

Approach 

9009 

6721 

3104 

0:15 

1:15 

1:00 

18:00 

Crulse/Itescent 

2136 

1593 

2365 

0:30 

2:30 

2:00 

36:00 

Total 





10:00 


144:00 


^Experimental engine operation point. 


Phase II: 

Experimental Engine Operation Points (Proposed) 
4 - 1-1/2 Hour Cycles 


Condition 

Power 

Fan Speed 

Time - Hr: Min 
1.5 Hour 
Cycle 


HP 

kW 

RPM 

Cycle 

Total 

Min Speed/Torque* 

100 

75 

573 

0:15 

1:00 

High Time 

8399 

6266 

2844 

0:15 

1:00 

Max Power/Torque 

18579 

13860 

3793 

0:15 

1:00 

High Time 

13438 

10025 

3413 

0:30 

2:00 

Max Speed 

16799 

12532 

3982 

0:15 

1:00 

Total 





6:00 

^Flight cycle idle-taxi 






39 















« 


4.7 Data Reduction Procedure 

The claaeea o£ teat data of primary interest were: 

a. Operating temperatures 

b. Efficiency 

c. Vibration characteristics. 

In general, the temperature data were reduced to a temperature differential 
bi|t%reen the temperature of the oil entering the gear units and the tempera- 
tire parameter being analyzed for comparisons. 

Efficiency is the relationship between driving power for the rig or power 
losses and the simulated power locked into the gear units. Mechanical driving 
power is calculated from the torque indicated by the torquemeter and the speed. 
This results in the total power loss in the test rig. Electrical driving 
power is calculated from the dynamometer electrical input amperes and volts. 

In addition to the total power loss in the test rig, the latter Includes the 
facility speed increaser losses and the electrical inefficiency of dynamom- 
eter. Heat dissipation to the oil flowing through the gear unit calculated 
from the flow rate and the temperature rise indicates the Individual gear unit 
power losses. 

The following equation is used for calculating the simulated power locked into 
the gear units Installed in the test rig. 

P . EJLN * 

C X 63,024 

where 

P “ power, hp 

p * hydraulic pressure, psl 
N - input speed, rpm 
C ■■ constant 

"C" is a function of the hydraulic ram piston area, nund>er of rams, torque arm 
lengths, angle between the hydraulic ram axis and the torque arms, and the 
rdtio between the torque at the star gear support and at the input shaft. 

For the UTW unit the equation becomes I 


P - -EJLJL 
u 253.23 

and for the OTW unit 

P . JL2LJ_ 
o 223.78 
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The electrical input power la calculated by 


p > V « A 
746 

where 

Pg - power, hp 

V ■ volts 

A anq>eres 

The input power indicated by the torquemeter is calculated by 

63.024 

where 

Pj " power, hp 

Tb input torque, lb- in. 

N > input speed, rpm 

The heat rejection equivalent power is calculated by 
p W X c X At 

“ 42.4 

where 

P{{ •• heat power, hp 

W - oil weight flow, Ib/mln 

c ■ specific heat of oil, Btu/lb/*F 

At ■> temperature of oil out - temperature of oil in, "F 

42.4 ■ Btu/min/hp 

Data presentation is in the form of tables and graphs. 
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5.0 DISCUSSION OF RESULTS 


5.1 G«ttcral 

Th« design 100% power end speed condition for the UTU unit reduction gear Is 
9712 kW (13019 hp) end 7782 rpn Input speed (3157 rpa fan speed) . Satisfac- 
tory operation was deannstrated at the following conditions. 


Condition 

kw 

Power 

(hp) 

Torque 

% 

Speed 
rpm (%) 

Maxlmiei Power 

12172 

(16316) 

125 

7781 

(100) 

Hexiaaim Speed 

5152 

( 6906) 

50 

8250 

(106) 


Corresponding UTW DaxlBium gear pitch line velocity at 8250 rpm was 103.4 m/s 
(20360 f{HB), and the maximum star gear spherical roller bearing DH was 0.79 x 
10^, based on the bearing bore (stationary) In mllllmetera times the outer 
race (star gear) rotational speed in rpm. 

The design 100% power and speed condition for the OTW unit reduction gear Is 
12615 kW (16910 hp) at 7961 rpm input speed (3861 rpm fan speed) . Satisfac- 
tory operation was demonstrated at the folloirlng conditions. 


Condition 

kW 

Power 

(hp) 

Torque 

% 

Speed 
rpm (%) 

ttoximum Power 

11342 

(15204) 

100 

7148 

(90) 

Maximum Speed 

5993 

( 8034) 

50 

7554 

(95) 

Maximum Torque 

11057 

(14822) 

112 

6200 

(78) 


Corresponding OTW maxj^um gear pitch line velocity was 113.3 m/s (22,330 fpm) 
and the maximum star gear spherical roller bearing Kl was 0.85 x 10^. Opera- 
tion at maximum torque was for one hour during the DEI QCSEE-16 schedule. 

Conditions encountered during the test operation resulted in deviations In the 
test schedule and at times redirection of the effort. areas of concern 

were a greater than anticipated power loss attributable to oil churning and an 
apparent excursion of the star gears fr(xn the plane of rotation. 

5.2 UTW Reduction Gear 

5.2.1 Test Program 

The first scheduled UTW reduction gear unit dynamic test operation, DEI 
QCSEE-8, consisted of step-load tests as shotm in Table 4-1 with an oil inlet 
temperature of 358"K (ISS^F). The test schedule was interrupted following the 
5840 rpm (75% speed) at 25% torque point because of high Input power require- 
ment (dynamometer overload circuit breaker tripped) and an increasing oil out 
temperature rise rate. The test unit gears were inspected and found satisfac- 
tory. 


PREiCEDnSrC PAGE BLANK NOT FILMED 
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Oil out toaporaturo data indieatad that tha haat rajactlon froa tho alava taar 
unit and of tha taat rig waa aora than 2-1/2 tlaaa that for tlM taat gaar unit. 
Slnca tha only ^>parant ai^ifieant dlffaranca batvaan tha two aaetiona of tha 
rig waa tha Ganaral Blactrie Coapany mgina configuration acraan baffla arotmd 
tha taat gaar imit and tlM abaanca of a baffla around tha alava gaar unit, it 
waa concludad that a acraan baffla waa alao naadad around tha alava gaar unit. 

A acraan baffla pravioualy daaignad and fabrlcatad for tha taat unit and of tha 
rig but raplacad by tha GaiMral Blactrlc Coapany angina c<mfiguration acraan 
waa Inatallad in tha alava unit and, and tha alava unit outlat drain waa in- 
craaaad froa 3 inch diamatar pipa to 4 inch dlaaotar pipe. 

Alao encountered during the initial teat operation waa apparent oil contaa- 
inatlon of tha alip ringa tranaaitting the algnala froa atrain gagea on the 
teat unit ring gear, an indication of exceaaiva oil in the center of the rig 
where it waa not anticipated. Reliable atrain gauge readlnga were never ob- 
tained during any of the aubaequent teata. 

The original atep-load taat operation achedule waa reaumed, DEI QCSEE-9. Al- 
though temperature data indicated apparent liq>roveinent in the alave unit heat 
rejection rate, the dynamometer overload circuit breaker again Interrupted the 
teat operation at approximately 6000 rpm and 25 % torque load. A dynamometer 
problem waa identified and corrected. 

Although the hlgheat input apeed, indicated by the torquemeter apeed aignal, 
at which a full aet of data waa obtained waa 6600 rpm, an Indicated apeed of 
7500 rpm at 25Z torque waa obaerved before the teat operation waa again in- 
terrupted by the dynamometer overload circuit breaker. Subaequently, an 
error in the apeed Indicated by the torquemeter above approximately 6200 rpm 
wan diacovered and the actual apeed at the 6600 rpm indicated apeed waa ap- 
proximately 6825 rpm and the 7500 rpm Indicated apeed waa approximately 7900 
rpm* 

A review of the data Indicated higher than anticipated oil out temperaturea 
and power requirement. Teat operation reaumed in accordance with the atep- 
load achedule to obtain data at higher torque loada for analyaia except that 
the maximum apeed waa limited to 5837 rpm (75Z). Tent unit geara were found 
aatiafactory at inapectiona following operationa through 5837 rpm at 50%, 7l'%, 
100% and 120% torquea. 

Analyaia of teat data indicated exceaaive oil churning, poaalbly from inade- 
quate oil acavenglng. The oil churning and heat generation waa of major con- 
cern alnce the teat unit reduction gear aurroundlng walla, baffle acreen and 
acavenge oil drain in the rig almulated the UTW engine configuration and waa a 
potential problem in the engine operation. Heat generation data waa reviewed 
with General Electric peraonnel and varloua uodiflcationa to the teat were 
diacuaaed. 

At General Electric 'a requeat, teat operation waa reaumed with the oil inlet 
temperature reduced to 311*K (100*F) to obtain additional data on the oil 
churning and heat generation characteriatlca, DEI QCSEE-10. Teat pointa re- 
queated were apeeda of 2000, 3000, 4000, and 5000 rpm; 6000 to 7000 rpm in 200 
rpm incrementa; and 7000 to 8400 rpm in 100 rpm incrementa at 25% torque load. 
Oil-in to oll-out temperature differential veraua apeed waa the primary 
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Interest. Deterainetion of the amount of oil trapped in the rig versus oparat- 
ing speed ea determined by the change in veight of the oil in the supply tank 
located on a platform scale was also of interest. At this tlam a 24 channel 
t«q;>areture recorder ims Inetelled to provide a continuous record of transimat 
end stabilised tee^eratures for inlet oil, outlet oil end star gear bearings. 
Test was Interrtqited at 6800 rpm because of concern fr«s an apparent increase 
in the rate of oil tei^ereture rise and relatively high differentials for oil- 
in to oil-out end oil-in to bearing teaqieratures. 

Temperature and scavenging data were reviewed by a coordinating group of 
Curtlsa-Wright end General Electric Company personnel end oil outlet deflector 
i (scoop or baffle) configurations were d^loped for both the test gear unit 
end slave gear unit aections of the rig. 

Deflectors wre fabricated and installed end the same test operation as for 
the preceding test was scheduled* DEI QCSEE-IOA. No significant change in the 
test unit oil temperature differentials with 311*K (100*F) oil inlet tw^re- 
ture was noted at speeds up throu^ 6200 r^, altiMugh a slight improvement 
wee apparent in tlM slave unit oil out te^iereture. Operation at 6000* 6200, 
6400 and 6600 r^ was conducted with an oil inlet tmaperature of 339*K (150*F) . 
A substantial reduction in oil out and bearlng-to-oil temperature differen- 
tials as related to the oil inlet tntperature was observed* as would be ex- 
pected. 

Continued concern over the apparent oil scavenging condition resulted in a 
request by General Electric Coiq>any for TOdiflcetlon of the planned program 
to Include rig hardware modifications and subsequent test operation in an at- 
tM^t to solve this problM before continuing with the originally planned test 
program. 

The following modifications mre incorporated in the test rig and reduction 
gear hardware. 

Slave unit side of test rig: 

a. Removed the sionilated variable pitch Mchanism support and replaced 
with thermocouple instrumented washers. 

b. Relieved ring gear axial positioning bosses in the output shaft 
shroud to increase oil passage ares to improve oil scavenging past 
the aft end of the ring gear. 

c. Removed oil outlet screen baffle. 

d. Designed* fabricated and installed isiproved internal scoop for main 
oil outlet. 

e. Designed* fabricated and Installed scavenge pipes in the lower sec- 
tion of rig intermediate housing (slave gear unit end of rig). 

f. telieved Internal flange in rig housing to laq>rove flow from inter- 
mediate housing to main drain. 
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g. Iner«M«d oil outlot pipo to tlx inch diMMtor* tho largoit oito 
foMiblOt fvon four Inch di«MCor pipo* 

h. Added MMll ndjuatablo height etendpipe in the botton of the inter- 
■ediete houeii^. 

feet unit eide of test rig: 

e. Modified reduction goer oil nenifold to provide eft exlel oil dreine 
in the vicinity of the eter geer beeringe. 

b. Believe ring geer ttiel poeitlonlng boeeee in the output theft 
ehroud to increeee oil peeeege tree md ^rove oil ecevenging peet 
the eft end of the ring geer. 

c. Modified width of output theft ehroud flenge for cleertnce with the 
Gmerel Electric Colony revited oil btffle tcreen. 

d. Bebelenced output theft with revited throudt int tolled. 

e. Int tolled tolid dyntnic-type beffle end new tcoop on tett tcrera. 

f. Relieved intemel flenge in rig to in^rove oil flow from forwtrd tide 
of the output theft to the at in tcevenge drein. 

g. Added mall tdjutteble height atandplpc in botton of houeing. 

TIm tdjutteble height ettndplpea were one of aeveral attei^ta to detemlne the 
operating oil level in the botton of the rig. Connectiona fron the three 
tcevenge plpet in tlM intemediate touting to the ntln oil outlet pipe were 
node with clear Tygon tubing to ea to be able to obaerve oil flowt during op- 
eration. 

The oil tcevenging inveatigation, I^I QCSEE-11, continued with an operating 
achedule of SOX torque at 2000 , 3000, 4000 end SOCK) rpn; 6000 to 7(^ r^ in 
200 rpn increnenta; «id 7000 to 8400 r^ in 100 rpn increnenta and an inlet 
oil tmperature of 35S - 3S8*K (IM - 18S*F). All pointa up through epproxi- 
nately 82S0 rpn were acconpliahed. 

A negative preaaure of spproxinately 2 inchea of oil waa ebaerved on the oil 
drain fron the end cover on the teat unit end of the rig (the area Inaide the 
atar gear aupport) during thia teat operation. Thia indicated an apparent re- 
verae oil flow inetead of draining. Alao noted wan an unexpected contact pat- 
tern on the teat unit gearn. Teat rig waa diaaaaetoled for furttor inapection 
of geara and bearinga. 

A contact pattern on tha atar gear teeth ahowing apparent both lower and 
higher contact toward the enda of the teeth than at the center waa obaerved in 
both the aun gear and ring gear neah aidea of tha teeth. Thia pattern waa 
peculiar to the teat unit gearing and had not been previoualy aeen. There waa 
no diacemable change in the pattern on tto alave unit geara. 
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Two tost goor wait otor goor sphorlcal rollor boatings «rare found to hovo dlo» 
trooo urklngo on tho Innor toco rollor path. TtMto woro roplacod with now 
star goor mcd boaring aoow^lloo and tho romovod parts «ioro oubaittod to ttw 
vmdor for Mialyslo. 

Tho obaorvod goor contact pattoma and tho boating dlotrosoi including lanodl- 
atoly procoodlng (^ration hlatory, woro rovlowod to idontlfy pooolblo cm- 
tributlng factors. Suggootod factors worst hydraulic of facto of tho curront 
Gonoral Bloetrlc (kw^any dynanlc-typo bafflo ocroon configuration* tho hlghor 
spood attaint during tho latost run* roducod oil viscosity rooultli^ froa tlw 
oboorvod higter boaring oporatlng tm^raturoo* boating rollor skidding and 
dyoMilc tmbalanco or vibration chwractarlstlcs. 

Tost oporatlon piano woro rodlroctod toward Invoatlgatlng and idontlfylng tlw 
eauoo of tho oboorvod goar tooth contact pattoma. 'Iho now toot schodulo* DEI 
QCSBB-12* Includod rig roaoswdily and oporatlon to 7tK)0 r^ Input opood at SOX 
torquo with m inlot oil tM^raturo of 347*R (165*F). Thlo oporatlon ro- 
aultod in contact pattoma on tho now tost unit goara alallar to thoso provl- 
ouoly iwtod. This Indlcatad that tiM condition occurred at 7000 ri^ or lower 
spood. 

The situation was rovlowod with General Electric Coiqiany «id HA8A porsotmel. 
Tho Gmoral Electric Coeqtany dynamic-type screen baffle waa moved and an oil 
outlet deflector (scoop) waa fabricated and Inatalled in the teat unit end of 
the rig. (hio star goar waa replaced so as to have a virgin tooth our face for 
observing now contact pattoma. A new pre-test gear tooth contact pattern 
chock was porfomed at SOX takeoff torque and fotmd to be very good. Tho test 
operation schedulo* Mil Q(SBE-12A* Icludod goar inspections after 2000* 4000* 
6000* 70(K>* 7600 a^ 8400 rpm at SOX torquo. Testing was again terminated 
folltnring the 7000 rpm operation whan gear contact patterns similar to those 
previously observed were noted. Test results* and rig and reduction gear vi- 
bration data were reviewed with General Electric Cos^any a^ NASA personnel. 
Tho tost rig was checked for natural frequencies. 

Modifications for the next tost operation included installation of a pedestal 
support for the torquemetor* test rig realigiuMnt and the Installation of prox- 
imity pickups to Mssure radial motion of tho input shaft. Vortical and horl- 
sontal proximity pickups were located at each end of tho shaft md a horlson- 
tal pickup was located at the shaft center, actually measuring motion of the 
output shaft connecting hub. Also, the silver was stripped fr<m the sun goar 
and a copper flash added to provide a more readily visible goar contact pat- 
tern. 

The scheduled operating conditions* QC8EE-12B* included operation to 6(k)0 
rpm at SOX torque* gear inspection* operation to 7000 rpm at 60X torque* gear 
inspection* operation to 7800 rpm at 6SX torquo and 8400 rpm at 70X torque 
with gear inspections followii^ each of the operating conditions. All points 
through 7800 rpm were accog^llshed but 8200 rf« at 60X torquo replaced the 
last scheduled point. During this test operation speed ciMteks with the dyna- 
mometer tachmooter and revolution counter* operating vibratory frequencies 
and tho digital preset counter signals from the torquemetor speed indicator 
pickup showed that the torquemetor digital preset counter readout was low 
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tiiMn tlM iMi abovs a^n»(taat«l 7 &200 rp«. A bmeh chack of tha mi- 
torqiMMtar indieacaA apaad akoiiad eorraet apaad li^ieatlmi throuth 
8000 rpa« RamiHad caat rig li^e spa^a tlwraafear ara baaad oa tka dyna- 
BMMtar apMd. 

Gaar toapaettoa at tte eoaplation of tha taat ladieatad aiallar star gaar con- 
tact pattatM aa pcavioualy aaan but with no ai^nlflcant prograaalon. Thara- 
fora thm gaara wara cwaiterad to ba aatiafactocy for eontimiad taat oparation. 
Aa oaellli^raph rarai^ wan aado of tlM coaplota uppar apaad ranga at ahutdown 
for analyala to dataralna if critical apaada axiatad which Madad to ba 
avoi^ durij% loi^ tana oparation. Naaaur^ taat rig agitation forcaa wara 
raducad conaidarably, but tha affact on tlM gaar cratact pattam ima not da- 
finitiva. 

A raviaad taat prograa with a ndiMtion in tiaa and nm^r of taat oparating 
pointa waa propoaad by Ganaral ilactric ^w^any to raplaco tha originally 
plMMd taat progrM. Thia prograa included aiiailating a cold oil, 20*K 
(69*f), angino atart-up. niia tMt achadula, IhEZ QQEE-12C, include tha fol- 
lowing oparating pointa with no changaa in tN taat hardware. 


Flight 

Input Speed 

Torque 

Sisnilated Power 

Oil Flow 

Tine 

Cemdition 

rpn 

X 

VU 

Hp 

X 

Nr 

Idle 1 

4000 

30 

1496 

2006 

80 

1.0 

Idle 2 

5200 

25 

1623 

2175 

80 

.5 

Reverse 

6270 

73.3 

5744 

7700 

100 

.5 

Approach 

7560 

54.7 

5167 

6926 

90 

1.0 

Takeoff 

7560 

95.6 

9042 

12121 

100 

1.0 

Fan Map 

7781 

120.0 

11654 

15622 

100 

.25 


Oil Tem>araCura 344*K (180* F) 

lOOX Oil Flow 83.5 kg/ain (184 Ib/ain) 


Gear inapectiona i^ra perforaal following tha 7560 rpn at 54.72 torque and 
7560rpaat 95.6% torquo taat pointa. The gear contact patterns in the teat 
gaar unit ahoi^d apparent heavy atar gear tip loading on the flank of the aun 
gear. An involute check alao ahowed wear patterns deeper at tha ends of the 
aun gaar teeth than at the center. 

Propoaed regrinding of the teat unit sun gear to nodify the tooth profile for 
relief of star gear tip loading and to increase the backlash was reviewed with 
General Electric (kmpany and NASA personnel and approval to proceed was re- 
ceived. The previous test vibration data was also reviewed with General Elec- 
tric Company and NASA persoimel. No critical operating points vtt apparent 
although SMM frequencies did bloasow at spproxiauttaly 3900 and 6750 rpn. TtM 
torqueneter pedestal support did decrease and control solitudes. The gear 
tooth wear indicated apparent rocking or wobble of the star gears. 

New instruaentation incorporated for the final teat operation included hori- 
Bontal and vertical accelermicters attached to the test unit atar gear support 
and two proxinlty pickups to neasure the rocking or wobble excursions of one 
teat unit star gear. The test unit sun gear teeth were silver plated after 
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ratrlnding. The General Eleccric Mtine configuretioa baffle screen 

use not install^ for this test. 

Tbs final test operation, covered by DEI QCSSE-13, included the following 
schedule specified by General Electric Cotpany to cover representative flight 
spectrun ei^riBmtal OTIf MgiM operating emditiona. This schedule 
cMwiata of shorter interval surveys of operation at each point followed by 
Imger duratiM operation at specified points. 


Tine-ninutea 


Condition 

Input 

rpM 

Power 
8p kV 

GPK 

Oil Flow 
Ib/nin 

kg/nin 

1st 

Test 

2nd 

Test 

Idle (1) 

4000 

2014 

1502 

22 

176 

80 

10 

» 


4000 

2014 

1502 

18.4 

147 

67 

10 

60 

Idle (2) 

5200 

2220 

1656 

22 

176 

80 

10 

. 


5200 

2220 

1656 

18.4 

147 

67 

10 

60 

Inverse 

6270 

7697 

5742 

22 

176 

80 

10 

15 


Gear Inspection 


Approach 

7560 

6930 

5170 

22 

176 

80 

10 

15 

Gear 

7560 6930 

Inspection 

5170 

19.8 

158 

72 

10 

«» 

T.O. 

7560 

13218 

9861 

22 

176 

80 

10 

- 


7560 

13218 

9861 

21.4 

171 

78 

10 

25 


7781 

13593 

10140 

22 

176 

80 

10 

25 

Gear 

8000 15372 

Inspection 

11468 

23 

184 

83 

10 

25 

Fan Map 

778J 

16311 

12168 

22 

176 

80 

10 

30 


All scheduled points irare satisfactorily' cos^lstsd. Following dlsasssiBbly, the 
sun gears, ring gears and star gear sc.vorts were nagnefic particle inspected, 
the star gears and bearings wire visuaJly inspected, the gears were neasured 
for wear and the oil nanifolds were fluorescent penetrant inspected. Parts 
were then shipped to General Electric C^^ny for installation in the engine. 
The total operating tine for the QCSEE MEG UTV Units was approxlnately 4S.75 
hours. 


5.2.2 Oil Tsi^ratures 

^rves of oil ts^erature rise versus input sun gear speed are presented in 
Figures S.!*! throt^h 5.2*5 for a constant oil flow rate of about 86 kg/ain 
(27 gpa). All data are for the test unit except Figure 5.2-2 which shows 
slave unit data for QC8EE-8 and Q^EE-9 test operations. These slave unit 
data are presented to show coe^arison between QCSEE-8 operation with a 3" dia 
outlet drain pipe and without ttwi screen baffle in the slave unit end of the 
test rig, and tiM QCSEE-9 test operati<m with a 4” dia outlet drain pipe and 
the screen install^. A gmeral sisillariey exists for the slopes of the 
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curves in the higher speed ranges, however, sc Che 1950 ri« speed Che c«i^>era- 
Cures had relaclvely InconsisCenC vide varlaCions utd in aosC cases have been 
disregarded. 

The lowesC CesC unic oil CenpereCure rise occurred dur ing che QCSEE-8 tesc op- 
eraclon. Figure 5.2-1. A specific reason for che higher oil CeaperaCure rise 
observed under apparencly idenclcal CesC unlC operacing condlcions during 
QCSEE-9 CesC operaClon could noc be idencifled. A posslbillcy is chac che In- 
sCallaCion of a larger 4” die ouclec drain and che screen in Che slave unic 
end of Che CesC rig had an unidencifiable efface on Che general oil flow pac- 
Cem wichin Che rig. 

The increases in oil Ceoq;>eraCure rise wlch increasing corques mre relaCively 
consisCenC excepC for an overlap of che 50% and 75% Corque daCa poincs on Che 
slave unic. Figure 5.2-2. The broken line beCveen che 5850 rpn poinC aC 25% 
Corque shows Che observed speed and che solid line represencs che speed re- 
sulting from correcClon of che speed indicaCor error In chls speed range lacer 
deCecced. A general proJecClon of che oil CeaperaCure rise places Che staximua 
CeaperaCure rise for 7782 rpa (100%) inpuC speed aC approxiaacely 37*K (67*F) 
for an oil ouc CeaperaCure of approxiaacely 394*K (250*F), which can be con- 
sidered Boderace. 

The aajor significance of Che daca presenced by Figure 5.2-2 is chac Che in- 
creased 4 inch di -iaeCer oucleC drain pipe and che insCallaClon of che scavenge 
screen reduced che slave unlC oil CeaperaCure considerably. The inconsistency 
apparenc in 50%, 75% and 100% load oil CeaperaCure rises is atcrlbuted to 
duaplng of Che oil froa che bearings supporCing Che ouCpuc shaft on the input 
shaft into the slave unit scavenging cavity. 

The effect of the lower temperature inlet oil, 311*K (100“F) nominal, and re- 
sulting higher oil viscosity for QCSEE-10 test operation is shown by Figure 
5.2-3. For comparison purposes, at 4000 rpm the temperature rise increase is 
4*K (7*F) and at 6800 rpm it is 6.6*K (12*F) over that for the 355"K (180"F) 
inlet oil temperature. Four points in the 6000 to 6800 rpm range run with 
339‘K (150*’F) inlet oil temperature are also shown. These oil temperature 
rises project to approximately 37*K (67*F) at 7782 rpm for an oil out tempera- 
ture of 348*K (167°F), with an inlet oil temperature of 311*K (100”F). 

Oil temperature rise versus speed data at 50% torque wlch the several modifi- 
cations incorporated in the test rig and test hardware, DEI QCSEE-11 test op- 
eration, are shown by Figure 5.2-4. Also shown on this curve are the data 
for two speed points run during DEI QCSEE-9 test operation at similar operat- 
ing conditions. These data Indicate a small improveaenC in the oil tempera- 
ture rise for the test unit reduction gear, approximately 1*K (2*F) at 6000 
rpm and approximately 2*K (4"F) when projected to 7782 rpm. 

The number and nature of the several modifications made it impossible to 
Identify the effect of any individual modification. The number of data points 
are sufficient to provide a valid data curve. The approximate oil temperature 
rise at 7782 rpm is 33*K (60"F) and the oil out temperature with an oil in 
temperature of 355*K (180*F) is approximately (240*F), an acceptable op- 

erating temperature. 
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Iffil QCSEE - 8 AND 9 



2 3 4 h 

INPUT SUN GEAR SPEED — RPM f 1000 

Figure 5.2-1. QCSEE Main Reduction Gear - UTW Test Unit 
Oil Temperature Rise vs Speed 







































KI QCSEE - 10. lOA. lOB 



Figure 5.2-3. QCSEE Main Reduction Gear - UTW Test Unit 
Oil Temperature Rise Vs. Speed 
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Although DEI QCSEE-12 series test operations were primarily for Investigation 
of the operating gear contact patterns, the oil temperature rise Is plotted In 
Figure 5.2-5 for a check on previously obtained data. At this point the oil 
In temperature was reduced from 355*K (180*F) to 344“K (160“F) which limits 
direct comparison to the prior test data. The oil temperature rise versus 
speed under conditions similar to previous operating conditions except for oil 
Inlet temperature shows good correlation with the previous data, the Inlet 
temperature effect being very small. 

The data for DEI QCSEE-12C and QCSEE-13 test operation are presented In Tables 
5-1 and 5-2, respectively, since the variety of speed, torque and oil flow 
rate combinations together with the absence of multiple test points with param- 
eter commonality precludes the plotting of curves. It Is possible, however, 
to associate certain test point data with data projected from previous similar 
but not Identical operation. The oil temperature rise for similar test cond.'- 
tlons show close correlation throughout the test program, Indicating the sev- 
eral modifications had little effect on the oil temperature rise. The DEI 
QCSEE-12C and QCSEE-13 test operations weru with reduced oil flows. Compari- 
sons between oil temperature rise data for similar load and speed points and 
for decreasing oil flows show Increasing oil temperature rises, as Is to be 
expected. An example of this condition Is the 5200 rpm at 25% torque opera- 
tion. 


Speed 

Torque 

Oil Flow Rate 

Oil Temperature Rise 

Test 

rpm 

% 

kg/mln (Ib/min) 

“K 

(“F) 

Operation 

5200 

25 

88 

(193) 

13.9 

(25) 

QCSEE-12A 

5200 

25 

86 

(190) 

14.9 

(27) 

QCSEE-9 

5210 

25.5 

84 

(184) 

16 

(28) 

QCSEE-12C 

5200 

25.5 

80 

(176) 

16 

(28) 

QCSEE-13 

5200 

25.5 

67 

(148) 

17 

(30) 

QCSEE-13 

5204 

25.5 

67 

(147) 

18 

(32) 

QCSEE-12C 

oil temperature 

rise and 

the resultant oil out 

temperature 

with oil In 


temperatures up through 358“K (185*F) Is satisfactory. At 7781 rpm (100% 
speed) and 12,172 kW (16,316 hp) (125% torque) with 80 kg/mln (177 Ib/mln) 
oil flow entering at 346"K (163“F) the oil out temperature Is 385®K (234®F), 
a very conservative value. 

5.2.3 Bearing Temperatures 

The star gear bearing Inner race to Inlet oil temperature differentials shown 
In Tables 5-1 and 5-2 for DEI QCSEE-12C and QCSEE-13 test operations are rep- 
resentative of those for the earlier test operations. Up to approximately 
6000 rpm Input speed, the bearing temperature rise and oil temperature rise 
are essentially the same. Above 6000 rpm the oil temperature rise tends to 
be greater than the bearing temperature rise. At approximately 8000 rpm input 
speed, 11,165 kW (14,967 hp) the oil out temperature was 386®K (236"F) and the 
average bearing temperature was 382®K (229®F). 
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Figure 5.2-5. QCSEE Main Reduction Gear - UTW Test Unit 
Oil Temperature Rise Vs. Speed 
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Scar gear bearing Inner race temperature differentials for selected DEI QCSEE- 
13 operating points are presented by Figure 5.2-6. The two 7560 points show 
the effect of oil flow on the bearing to oil temperature differential, 72 kg/ 
min (159 Ib/mln) versus 80 kg/min (175 Ib/min). The third set of points rep- 
resents 1(K)X speed at 1252 torque operation. The temperature differentials 
for 7996 rpm at 111.8Z torque were essentially the same as for 1002 speed at 
1252 torque. 

The bearing temperature differential pattern relative to bearing location was 
checked but a conclusive relationship could not be established. Also indi- 
vidual bearii^ temperatures at the 8250 rpm operation, DEI QCSEE-11, the last 
operation before the bearing distress was discovered, showed no indications 
of adverse performance. 

The conclusion from the bearing to oil out temperature relationship at the 
higher speeds is that churning after the oil leaves the bearing is a signifi- 
cant factor. 



TABLE 5-1. 

QCSEE MAIN REDUCTI(»] GEAR - 

■ UTW UNIT 




DEI QCSEE-12C TEST OPERATION - 

FINAL CONFIGURATION 



Inlet Oil Temperature 

• • • • 


, . 344 - 

347-K (160 - 

- 165*F) 

Oil Type . . 


• • • • 


1 * • • * 

• • • 

. MIL- 

-L-23699 

Oil Density 


• • • • 


, . .967 kg/1 (8.05 Ib/gal.) 

Input 

Speed 




Oil 

Flow 

Oil Temp. 

Brg./Oil 

Power 

Torque 

1 Rate 

Rise 

At (Avg.) 

rpm 

kW 

Hp 

2 

kg/mln 

lb /min 

■a 

sa 

*K 

*F 

4005 

1499 

2009 

30 

84 


10 

18 

11 

20 

4010 

1501 

2012 

30 

67 


12 

21 

13 

23 

5210 

1658 

2222 

25.5 

84 


16 

28 

15 

27 

5204 

1655 

2219 

25.5 

67 


18 

32 

18 

32 

6270 

5744 

7700 

73.3 

84 


24 

43 

23 

41 

7560 

5167 

6926 

54.7 

84 


33 

59 

30 

54 

7566 

5171 

6932 

54.7 

75 


34 

61 

31 

56 

7560 

51<^7 

6926 

54.7 

84 

184 

32 

58 

29 

52 

7567 

9050 

12132 

95.8 

84 

184 

35 

63 

32 

57 


57 




















TABLE 5-2. QCSEE MAIN REDUCTKai GEAR - UTW UNIT 
DEI QCSEE-13 TEST OPERATION (FINAL CONFIGURATION) 


Inlet Oil Temperature 344 - 347*K (160 - 165*F) 

Oil Type MIL-L-23699 

Oil Density 967 kg/1 (8.05 Ib/gal.) 


Input 

Speed 

rpn 

Fewer 

Torque 

Oil Flow 
Rate 

Oil Temp. 
Rise 

Brg./Oil 
T (Avg.) 

kW 

HP 

X 

kg/min 

lb /min 

■a 

•F 

mm 

mm 

4000 

1508 

2022 

30.2 

67 

148 

11 

20 

12 

21 

5200 

1655 

2218 

25.5 

67 

148 

17 

30 

17 

30 

5200 

1655 

2218 

25.5 

80 

176 

16 

28 

16 

28 

6270 

5744 

7700 

73.3 

80 

176 

24 

44 

24 

44 

7005 

4788 

6418 

54.7 

72 

159 

31 

55 

29 

53 

7560 

5167 

6926 

54.7 

72 

159 

34 

62 

32 

57 

7560 

5167 

6926 

54.7 

79 

175 

33 

60 

31 

55 

7560 

9866 

13225 

104.5 

78 

171 

37 

66 

34 

62 

7560 

9866 

13225 

104.5 

80 

177 

37 

67 

34 

62 

7781 

10155 

13612 

104.5 

80 

177 

38 

69 

36 

64 

7781 

12172 

16316 

125.2 

80 

177 

39 

71 

37 

67 

7887 

10293 

13798 

104.5 

78 

171 

39 

71 

36 

64 

7996 

11165 

14967 

111.8 

83 

184 

40 

72 

36 

65 


f 

I 
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S.2.4 ItechanlMl Bfflclmey 

Htchanical •fficimcy is ths rsclo bscwssn Chs powsr output fron the gear set 
and ths pousr input. Ths output power is the input power minus friction, oil 
'churning, windage and bssrii^ losses. Three independent sources of power 
loss date were available in this test progrM, two ii^icsting the total test 
rig power loss end ths third providing an indication of the individual reduc- 
tion gear power loss. 

, Ths rig input or driving power is calculated from the input torque and input 
speed i^lcstsd by the torquMMter in ths input drive. This power loss in- 
cludes that of the two gear sets and the test rig bearings. The second source 
of drivii^ power is the electrical power input to the prime mover iHiich in- 
cludes the prlM mover electrical and mechanical inefficiency sad the test 
facility spaed inerssser losses in i^dition to the test rig losses. These 
data are useful primarily for comparing changes in the total power losses 
from one test to another. 

The power loss measurement used for calculating the reduction gear efficiency 
is the heat rejection to the oil based on the oil flow rate to the individual 
reduction gear ai^ the temperature differential between entering and exiting 
oil. 

The heat rejection rates versus speed for the several test operating coi^l- 
tlons are presented by Figures S.2-7 through 5.2-11 and Tables 5-3 and 5-4. 
With ths relatively constant oil flow rates through DEI QCSEE-12B test opera- 
tion, the relationships of the curves are similar to those for the oil tem- 
perature rise ai^ the general connents relative to oil temperatures also apply 
to the heat rejection, ^cept for Figure 5.2-8, heat rejection data presented 
are limited to the test reduction gear unit. In Figures 5.2-8 and 5.2-9, the 
broken lines above approximately 6000 rpm represent the observed speeds and 
the solid lines represent the actual speeds resulting fron the correction of 
the speed indicator error in this speed range which was later detected. 

Throughout all of the tests the slopes of the heat rejection versus speed 
curves are essentially tlM smae. The highest heat rejection rate was with 
the 311*K (100*F) inlet oil' temperature, DEI QCSEE-10 operation. The differ- 
ence in heat rejection rates for comparable test operating conditions in DEI 
QCSEE-9 and nsi QCSEE-11, Figures 5.2-7 and 5.2-10, respectively, is not mich 
grsster than ths test data accuracy or scatter, even if the effect of any in- 
dividual rig or gear unit modification could have been identified. 

The heat rejection data for DEI QCSEE-12C and QCSEE-13 arc presented in Tables 
5-3 and 5-4, respectively, since the variety of speed, torque and oil flew 
rate combinations together with the absence of multiple points with pameter 
commonality precludes the plotting of curves. It is noted that the heat re- 
jection rate is lowest for the lower oil flow rates with other parameters re- 
maining constant. 
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Efficiencies are also shown in Tables 5-3 and 5-4 for DEI QCSEE-12C and 
QCSEE-13 operations. Higher efficiencies are indicated for the lower oil flow 
rates and with the higher torque loads or powers. An efficiency of .991 at 
the 7781 rpm and 12,172 kW (16,316 hp), lOOZ speed and 125Z torque, operation 
is Indicated. 


TABLE 5-3. QCSEE MAIN REDUCTI(»i GEAR - UTU UNIT 


DEI QCSEE-12C TEST OPERATION 
HEAT REJECTION AND EFFICIENCY 


Inlet Oil Temperature 344 - 347*K (160 - 166“F) 

Oil Type MIL-L-23699 

Oil Density 967 kg/1 (8.05 Ib/gal.) 


Input 

Speed 

rpm 

— 

Power 

Torque 

% 

Oil Flow 
Rate 

Heat Re j . 
Rate 

Eff . 

kW 

Hp 

kg/min 

Ib/min 

kW 

Hp 

4010 


2012 

30 

67 

147 

27 

36 

.982 

4005 


2009 

30 

84 

184 

29 

39 

.981 

5204 


2219 

25.5 

67 

147 

41 

55 

.975 

5210 

1658 

2222 

25.5 

84 

184 

46 

61 

.973 

6270 

5744 

7700 

73.3 

84 

184 

69 

93 

.988 

7566 

5171 

6932 

■ 54.7 

75 

166 

89 

119 

.983 

7560 

5167 

6926 

54.7 

84 

184 

95 

128 

.982 

7560 

5167 

6926 

54.7 

84 

184 

94 

126 

.982 

7567 

9050 

12132 

95.8 

84 

184 

102 

137 

.989 


66 





















TABLE 5-4. QCSEE MAIN REDUCTI<ai GEAR - UTW UNIT 
Iffil qCSEE-13 TEST 0PERAT1(»1 (FINAL (X»iFIGUEATlQN) 
HEAT REJECTION AND EFFIClQiCY 


Inlet Oil T«iq>erature 344 - 347*K (160 - 166*F) 

Oil Type MIL-L-23699 

Oil Density . >967 kg/1 (8.05 Ib/gal.) 


Input 

Speed 

rpm 

Power 

Torque 

Oil Flow 
Rate 

Heat Re j . 
Rate 

Eff. 

kN 

Hp 

% 

kg/min 


kW 

Hp 

4000 

1508 

2022 

30.2 

67 

148 

25 

33 

.984 

4010 

1512 

2027 

30.2 

80 

176 

28 

37 

.982 

5200 

1655 

2218 

25.5 

67 

148 

39 

52 

.977 

5200 

1655 

2218 

25.5 

80 

176 

45 

60 

.973 

6270 

5744 

7700 

73.3 

80 

176 

68 

91 

.988 

7005 

4788 

6418 

54.7 

72 

159 

77 

103 

.984 

7560 

5167 

6926 

54.7 

72 

159 

87 

116 

.983 

7560 

5167 

6926 

54.7 

79 

175 

93 

124 

.982 

7560 

9866 

13225 

104.5 

78 

171 

99 

133 

.990 

7560 

9866 

13225 

104.5 

80 

177 

104 

140 

.989 

7781 

10155 

13612 

104.5 

80 

177 

107 

144 

.989 

7781 

12172 

16316 

125.2 

80 

177 

110 

148 

.991 

7887 

10293 

13798 

104.5 

78 

171 

107 

143 

.990 

7996 

11165 

14967 

111.8 

83 

184 

116 

156 

.990 


Heat rejection rates and efficiencies are shown in Tables 5>5 and 5-6 for rep- 
I resentative operations at 75Z and 100% speed, respectively, throughout the 

test program. These data are also plotted in Figure 5.2-12. The efficiency 
at the maximum test operation speed of 8250 rpm at 50% tori}ue, 6906 horsepower, 
was .978. The heat rejection data shown in Tables 5-5 and 5-6 are for actual 
test points where available, otherwise, the data were obtained by extrapola- 
tion and extension of the curves in Figures 5.2-7, 5.2-9, 5.2-10 and 5.2-11. 

The basic conclusion from the heat rejection aiul efficiency data is that oil 
churning is the major contributor to the power loss or reduced efficiency and 
overall reduction gear efficiency increases with Increased torque up to 125% 
design torque. 
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TABLE S-5. QCSEE MAIN REDUCTION GEAR > UTU UNIT 


HEAT REJECTION AND EFFICIENCY 
AT 5836 RPM (75Z SPEED) 


DEI 

QCSEE 

No. 

Torque 

% 

Power 

Oil In 

Heat 

Rej. 

Eff. 

Sym. 

Fig. 

5.2-12 

Flow 


kW 

wm 

kg/min 

Ib/min 

•K 

•f 

kW 

Hp 

Ref. 

100 

7284 

9764 

- 

- 

- 

- 

- 

- 

- 

■ 

9 


1821 

2441 

86 

190 

358 

185 

55 

74 

.970 




3642 

4882 

88 

193 

355 

181 

66 

88 

.982 



75 

5463 

7323 

86 

190 

357 

183 

64 

85 

.988 



100 

7284 

9764 

87 

191 

358 

185 

69 

92 

.991 



120 

8741 

11717 

87 

191 

356 

182 

72 

97 

.992 

u 

10 

25 

1821 

2441 

87 

191 

312 

103 

71 

95 

.961 

9 


25 

1821 

2441 

87 

191 

339 

150 

61 

82 

.967 

X 

11 

50 

3642 

4882 

87 

191 

356 

181 

60 

80 

.984 

0 

12A 

25 

1821 

2441 

88 

193 

347 

166 

55 

74 

.970 

0 

12A 

50 

3642 

4882 

87 

191 

347 

165 

61 

82 

.983 

0 

12B 

60 

4370 

5858 

87 

191 

345 

162 

64 

86 

.985 

<3> 

12B 

65 

4735 

6347 

87 

191 

345 

162 

64 

86 

.986 

O 


QCSEE'S Data are from actual test points. Other data are extrapolated from 
the heat rejection curves. 
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TABLE S-6. QCSEE MAIN gEPPGTlOH GEAR - UTW UNIT 


HEAT KEJECTXON AHB EFFICIENCY 
AT 7782 RPM (lOOZ SPEED) 


DEI 

QCSEE 

No. 

Torque 

Z 

Power 
Icir ftp 

Oil la 

Hea 

t 

a 

Eff. 

Sya 

Fig 

5.2‘ 

Flow 

Teap 

Rej 

kg/ain 

Ib/aln 

•r I 

B 

tdf 1 

Hp 

Ref. 

100 

9712 

13019 

- 

- 

- 

- 

H 

- 

- 


9 

25 

2428 

3255 

86 

190 

356 

185 

|H 

121 

.963 

+ 


50 

4856 

6510 

88 

193 

355 

181 


141 

.978 

+ 


75 

7284 

9764 

86 

190 

355 

181 


141 

.986 

+ 


100 

9712 

13019 

87 

191 

356 

182 

115 

154 

.988 

+ 


120 

11654 

15623 

87 

192 

356 

182 

111 

149 

.990 

+ 

10 

25 

2428 

3255 

87 

191 

311 

106 

113 

151 

.953 

9 


25 

2428 

3255 

87 

191 

339 

151 

109 

146 

.955 

X 

11 

50 

4856 

6510 

88 

193 

355 

180 

100 

134 

.979 

O 

12A 

25 

2428 

3255 

88 

193 

347 

165 

99 

133 

.959 

0 

12A 

50 

4856 

6510 

86 

190 

346 

163 

101 

135 

.979 

0 

12B 

60 

5827 

7811 

87 

191 

346 

163 

106 

142 

.982 

0 

12B 

65 

6313 

8462 

86 

190 

346 

163 

106 

142 

.983 

0 

13 

104.5 

10155 

13602 

80 

176 

344 

164 

107 

143 

.989 

a 


125.2 

12172 

16316 

80 

177 

344 

i 163 

110 

148 

.991 

0 

1 


QCSEE-12B and 13 data are from actual test points. Ocher data are extrapo- 
lated from the heat rejection curves. 
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+ DEI QCSEE-9 
9 DEI QCSEE-10 
X DEI QCSEE-10 
O DEI QCSEE-ll 
O DEI QCSEE-12A.12B 
S DEI QCSEE-13 
♦ DEI QCSEE-13 


ORIGINAL PAGE IS 
OP POOR QUALITY 


Figure 5.2-12. QCSEE Main Reduction Gear - UTW Test Unit 
Efficiency Vs Torque 
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5.2.5 Vibratory Characteristics 

During the back-to-back testing of the QCSEE under the wing main reduction 
gear several modifications of the test setup and vibration monitoring system 
were made. 

The original test setup consisted of a dynamometer driving a 1:3.3 speed in- 
creaser which drives the back-to-back gear units in the test rig through an 
unsupported torquemeter shaft. Figure 4,5-2 shows the vibration monitoring 
instrunmntation used for this initial phase of testing. The rig was operated 
up to fifty (50) percent design torque and the input speed through 8,000 rpm, 
DEI QCSEE- 11. 

The facility gearbox has a horizontal mount resonance at 5350 Hz which was ex- 
cited by the input shaft at 5350 rpm. The peak amplitude of +2.3 mils was not 
evident on the vibration monitoring instrumentation located on the slave and 
test gear unit ends of the test rig. Figure 5.2-13 shows the vibration verti- 
cal and horizontal amplitudes versus speed for test rig and facility speed In- 
creaser . 

Figure 5.2-13 also shows the primary vibration response being in the horizon- 
tal direction for both the slave and test gear ends of the rig. The two peaks 
shown are due to excitation of the test rig support structure horizontal 
natural frequency; 

a. First order of the input shaft near 4000 input rpm. 

b. First order of the output shaft at 7500 input rpm. 

The vertical natural frequency of the gearbox support structure is excited by 
the input shaft near 6000 input rpm. Figure 5.2-13. Amplitudes are increas- 
ing at 8000 rpm. 

The fore and aft translational response is similar to the horizontal response. 

Experimental checks of the support structure confirmed the two natural fre- 
quencies; 

Horizontal 60 Hz and Vertical 90 to 100 Hz. 
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VIBRATION AMPLITUDE + MILS 











After DEI QCSEE-11 test operation, certain wear characteristics were observed 
on the gear teeth. The torquemeter instrumentation also showed signs of mal- 
functioning. A pedestal support for the torquemeter was Installed and shaft 
proximity pickups were added to determine shaft radial motions. 

The horizontal translational pickups still showed the peak response near 4000 
rpm due to first order input shaft excitation. The response between 7500 to 
8000 rpm was sharply reduced, Figure 5.2-14. 

Figure 5.2-14 shows that the vertical pickups response is fairly flat through- 
out the speed range. This data was obtained from oscillograph records which 
represent the total amplitude which is a complex signal made up of several 
frequencies. At 6750 rpm, the response is primarily one frequency, twice in- 
put shaft order. This characteristic was not too evident during the Initial 
test runs. 

A vertical translational pickup was Installed on the torquemeter pedestal. 
Figure 5.2-14 shows the results of initial tests in which the natural fre- 
quency of pedestal (134 Hz) is excited by the first order input shaft at 8000 
rpm. A second curve shows how adding a 50 pound weight, reduces the natural 
frequency to 50 Hz and eliminates the peak at 8000 rpm. 

The proximity pickups indicated several peak responses. Figure 5.2-15. 


Position 

RPM 

Excitation 

Slave Box Horizontal 

6950 

Input Speed 

Mid-Shaft Horizontal 

3500 

Input Speed 

Mid-Shaft Horizontal 

6000 

Twice Input Speed 

Mid-Shaft Horizontal 

6800 

Twice Input Speed 

Mid-Shaft Horizontal 

7000 

Input Speed 


The added weight eliminated the first order input shaft response near 7000 rpm. 

The twice input shaft response at 6800 is 227 Hz and matches the natural fre- 
quency of the proximity probe Itself. 

Of the five peaks noted on the proximity pickups, two were eliminated by mod- 
ifying the pedestal, one is associated with the probe natural frequency and 
the other two occur at speeds (3500 and 6000 rpm) at which gear wear is not 
suspected. 

Inspection of the gear teeth during DEI QCSEE-12 series test operations con- 
tinued to show signs of undesirable wear patterns. Data from neither the 
shaft proximity pickup nor the housing vibration pickups could be related to 
the gear motions indicated by the wear patterns. Additional instrumentation 
was installed in the test unit end of the test rig to further identify the 
gear motions. This instrumentation included two proximity pickups near the aft 
face of the upper star gear and vertical and horizontal accelerometers on the 
star gear support as shown by Figure 5.2-16. 
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2345 67 89 

INPUT SHAFT SPEED - RPM ^ 1000 

Figure 5.2-14. QCSEE Main Reduction Gear - UTW 
Vibratory Amplitude Vs Speed (DEI QCSEE-11) Translational Pickup 
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VIBRAXION AMPLITUDE -I- MILS 


m 


( 

r 


original 
OF POOR QUAI^TY 


gPUT (SW GEAR) SHAFT. SLAVE WIT END - 
VERTICAL — . . 

HOMZOliTAL 

2 f 



0 


INPUT (SUM GEAR) SHAFT. TEST UNIT END 
VEETICAL — — ■' 

HORIZONTAL 



INPUT (SUN GEAR) SHAFT - 
MID SHAFT - HORIZONTAL 



INPUT SHAFT SPEED - RPM -J- 1000 

Figure 5.2-15. QCSEE Main Reduction Gear - UTH,^ 

Vibratory Aaplltude Va Speed (DEI QCSEE-12) Proximity Pickup 
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TEST BOX 


PROXIMITY PICRUP 


ACCELEROMETER 



Figure 5.2-16. QCSEE Mein Reduction Geer - UTW 

Proximity end Accelerometer Locetions (I^I QCSEE-13) 





The axial Mtion of tha acar gaar it shown on Flgura 5.2-17 as a function of 
input sun gaar spaad. Tha actual Baaaurad notion was aailtipliad bjp 1.816 to 
obtain an aatinata of tha axial notion at tha pitch llna of thu gaar tooth. A 
paak valua of 14.9 total nils waa racordad at 7560 rpn, 5640 kU (6930 hp). Tha 
1.816 factor is tha ratio of tha vartical dlatancaa of tha proxinity pickup 
location and tha star goar/rlng gaar nash point fron tha cantar of tha star 
gaar. 


A typical oscillograph traca of three proxinity pickups at 7560 rpn, 5640 kW 
(6930 hp) is shown on Figure 5.2-18. Tha results of a wave analysis of tha 
rasponsa are plotted on Figure 5.2-19. It swat be noted that 


a. Tha scale factors for the traces are not tha sane. The actual dla- 
placanant values are noted on the trace. 

b. Careful axMiination of the nid-shaft proxinity trace (No. 3) shows 
that it is not slnilar to the star gear notion. 


The najor response at the peak anplltudc is due to first order of the star 
gaar. This particular craponent increases by a factor of 5 between 6300 and 
7560 rpn. The frequency at the paak is 175 Ha. Kaxlnun naasured asqiiituda 
of "rocking" occurs once each star gaar revolution. 


Tha following table shows the effect of power on the major components of the 
axial notion of tha star gear at 7560 rpn. Figure 5.2-19 shows the data for 
tha lower power at 7560 rpn. 


Component 


Mils Dlsplacenent 
5170 kU 9850 kW 

(6930 Hp) (13200 Hp) 


Ring 5.2 2.0 

Sun 5.2 4.2 

Star 11.2 4.3 

1.25 Strr 4.6 7.5 

Total 14.2 9.8 


A second siajor response is at approximately 1.25 star speed (ring plus star 
order is 1.3 sts' speed). 


Figure 5.2-20 shows a typical component analysis readout. Anplltudc is in a 
log format, not linear. All component frequency data In this report cones 
fron this type of analysis. 


Accelerometer data was primarily used to evaluate vibration that occurred 
above 1000 Hz. Figure 5.2-21 shows the acccleroMter data recorded during 
the last phase of testing. The major reaponae is at 7560 rpn with two sig- 
nificant componenta: 

1500 Hz 30 Gs 

2950 Hz 25 Gs 

These two cosiponents are one-sixth and one-third the gear stashing frequency. 


77 


(ALL I.EADINGS AT THE PROXIMITY POINTS CORRECTED TO THE PITCH RADIUS) 
0—0 PROXIIITY PICKUP NO. 5 
A ^ PROXIMITY PICKUP NO. 4 




m 



o 

o 


Figure 5.2-17. Reduction Gear Back-To-Back Test - UTW 
Vibratory Displacement of the Star Gear Vs Speed 


■-Vp 
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Figure 5.2-18. QCSEE Main Reduction Gear - UTW 
Typical Trace of Proximity Probes at 7560 RPM, 50% Torque 


79 


VIBRATORY DISPLACEMENT IN MILS (TOTAL) 



INPUT SHAFT SPEED - RPM -f- 1000 

Figure 5.2-19. QCSEE Main Reduction Gear Test - UTW 
Vibratory Displacement of the Star Vs RPM (| 50% Torque 










AGCBLERATIOM 





nie ncshlng £r«qu«ncy component responso is much larger at 4000 rpm than at 
hlgl^r speeds. 


Experimental natural frequency checks were made of the sun gear prior to as- 
sMibly. Curtiss-Wright tests made by striking the freely supported gear and 
analysing the "sound" response provided the following data. 


Mode 

Hz 

2 Diameter 

1050 

3 Dlaroter 

2410 

4 Diameter 

4500 

Not Identified 

300 


The ring gear was calculated to have the following natural frequencies: 

Mode Hz 

75 
210 
404 
653 
958 

I The flexibility of the flex coupling was calculated as 2.76 x 103 kg/cm (1.54 
X 10^ Ib/in.) with respect to the sun gear vertical motion. It is possible 
that a natural frequency associated with the coupling may be in the suspected 
^ frequency range. Figure 5.2-22 is a sketch of the coupling and sun gear. 

1 1 Since the sun gear and flex coupling rotate at input speed and the star gear 

rotates at 1.3654 input speed, the actual mode shape of the sun gear at 7560 
^ i rpm is rather complex because the star gear wobble is at star gear speed. 

t ; Analysis of the vibration data and observations resulted in the following 

conclusions: 

a. Wear noted on the gears in early tests came about from operation 
at speeds of approximately 7000 rpm and above. 

b. Translational pickups on the outside of the test rig and proximity 
pickups on the input or sun gear shaft do not show a significant 
increase to any particular phenomenon in the suspected speed range. 
This leads to the conclusion that neither housing (support struc- 
ture) natural frequencies nor input shaft natural frequencies 
caused the observed gear wear. 

c. Measurements of the star gear axial motion (wobble) show a sharp in- 
crease in motion above 7000 rpm input shaft speed. This wobble is 
most likely the cause of the gear wear. The iK>tion decreases as the 
transmitted torque Increases. 


2 Diameter 

3 Dimeter 

4 Diameter 

5 Diameter 

6 Diameter 
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Figure 5.2-22. QCSEE Main Reduction Gear - UTW 
Sun Gear Flexible Coupling 
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d. During the tine the star gear hea greeteat wobble, accelerometera on 
the ater aupport ahow a aharp Increaae In the reaponae due to aub- 
hemonlc conponenta of the gear neah frequency, one-thlrd and one- 
alxth, but no Increaae In the gear neah frequency conponent. 

e. The ater gear wobble la a naxlnun of 14.9 nlla double amplitude (D.A.) 
at 172 Ha which la equal to flrat order rotation of the atar gear at 
7560 rpm Input ahaft apeed with 55% torque. Increaalng torque to 
105% reducea the mplltude and changea the frequency content. 

f. The wobble frequency doea not natch any known natural frequency of 

the aun gear; but. It la cloae to the three dlaneter node frequency; 
of the ring gear. ' 

g. One poaalble ayatem that could have a natural frequency with a node 
ahape that could lead to atar gear wobble la the flexible coupling 
to aun gear configuration. 

The time achedule and available funda did not pemlt further Inveatlgatlon for 
factora Influencing the atar gear wobble. 


The following reconnendatlona are baaed on the above UTW reduction gear teat 
vibration data analyaea: 


4 


a. Perform analyaea or teata to conflm or deny that the flexibility of 
the flex coupling la the prlne aprlng In the ayatem that haa a natu- 
ral frequency which when excited reaulta in Increaaed atar gear wob- 
ble and poaalble atar gear tooth wear. 

b. Review all accelerometer data taken during the reduction gear tearing 
to determine If the relatlonahlp between the magnitude of the aub- 
harmonic componenta of the gear meah and the magnitude of the gear 
meah frequency can be uaed to Identify an undealrable gear tooth op- 
eration. 

c. Review the over-the-wing (OTW) reduction gear dealgn and evaluate the 
poaalbillty of thla phenomenon happening during Ita endurance tear- 
ing. 

d. During the tearing of the over-the-wing reduction gear uae proximity 
plckupa to evaluate atar gear wobble. Alao uae accelerometer data • 
to evaluate gear meah frequency reaponae and aubharmonica reaponae 
aa a function of atar gear wobble. 

e. Review the condition of the geara following operation in the experi- 
mental engine to determine if the aame influencing factora appear to 
exist there aa in the teat rig. 
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5.2.6 Pott Test Intptctlon 

At tho conclusion of ths reduction gttr totting both tho tttt unit tnd tltvt 
tmlt iftrt conpltttly dltstttnbltd tnd tht following Intptctlont ptrfomtd. 

t. Mt^ttlc ptrtlclt Intptctlon of tht following ports: 

Stm gttrt Sttr gttr supports 

Ring gttrt Sun gttr couplings 

Sprty tubes 

b. Fluorescent penetrtnt Inspection of tht following: 

Oil sumlfold (tlumlnua) 

i 

c. Vlsutl Inspection: 

All of the tbove ports 
Sttr getrs tnd betrlngs 

d. Metsurenents : 

Sttr gttr, swi gttr «id ring gttr Involute checks. 

The sttr getrs could not be oognetlc ptrtlcle Inspected without dlttsstnbly of 
the betrlngs. Due to t very tight delivery schedule, the betrlngs «Mre not 
dltttsembled conpletely prior to delivery. TtM rollers In etch betring were 
vlsutlly Inspected for indlcttlons of skidding tt the Inner end of the roller 
cyllndrlctl surf tee. One roller wts removed from etch row of rollers In etch 
betring for Inspection of the Inner rtce for Indlcttlons of distress. A 
slight dlscolorttlon bend on the Inner rtce wts found In one sttr getr betr- 
ing, locstlon 2 In Figure 5.2-6, by the vlsutl Inspection. Although t severe 
skidding type distress wts not evident, repltcesMint of the betring for the 
engine Insttllttlon wts reconmended. The mtgnetlc ptrtlcle tnd fluorescent 
penetrtnt Inspections did not revetl tny distress. 

Hetsurtble wesr wts found on the flunks netr the ends of the sttr getr teeth 
tlthough wetr wts negligible tt the center of the teeth, spptrent evidence of 
the sttr getr wobble. The wetr wts relttlvely uniform tt three points tround 
the circumference of the getr where the metsurements were ttken. 

Spectrographlc anslysls performed on stmples of oil ttken from the test rig 
lubricstlon system tt different times during the test operttlon wet of limited 
vtlue. Iron content, Inltltlly 2 ptrts per million (ppm) In new oil, did In- 
cretse from 4 ppm to 7 ppm during DEI QCSEE-13 test operttlon. The content of 
other elements In the oil either remtlned constsnt or fluctusted upwtrd tnd 
downwtrd two or three points for the stmples tntlyted. 

The condition of the reduction getr units wts Judged tccepttble for the Inl- 
tlsl scheduled operttlon In the experiments! engine. Monitoring of the re- 
duction getr operttlon tnd Inspections ss frequently ts possible consistent 
with the engine test program schedule were recoasMnded. 

The UTW reduction gears were delivered to the General Electric C<»ptny, Air- 
craft Engine Group, at Evendale, Ohio, for subsequent Installation and test 
In the QCSEE UTW aircraft turboftn development engine. 
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5.3 OTW Reduction Goar 


S.3.1 Test ProgrwB 

The scheduled OTH reduction gear unit test program was revised prior to the 
start of the test operation to expedite the time schedule end conserve sjf 
pm^lturas. The units ware esseg^led In the test rig end a gear tooth contact 
pettsm check was conducted. Based on the contact pattern end the UTW unit 
dynralc operation experience * the Involute profiles of the OTW unit star gear 

i teeth were modified to Increase tip and flank relief. A second contact pat- 
tern check confirmed the desired contact patterns for both the sun/ster ei^ 
the star/ ring gear Mshes. 

Tlw test rig for the OTW reduction gear unit test operation was ass«id>led the 
same as for the last UTW reduction gear test. There was no scavenge screen in 
either Che test unit or slave unit end of the test rig and Che same scavenge 
outlet baffles or scoops were used. Proximity pickups were Installed to sense 
star gear wobble. These are shown by Figure 5.3-1. 

The revised test operation schedule, DEI QCSEE-15, Is shown In Table 5-7. The 
oil specified by General Electric Company for this test operation was Aero- 
shell Turbine Oil 555 rather than MIL-L-23699 used during the UTW unit tests. 
This oil was selected because of an apparent higher Ryder gear test load 
rating than the MIL-L-23699 and potential use In the experimental engine oper- 
ation. The reduction gear Inlet oil te^erature specified was 344*K (160*F) 
the srae as for the final UTW unit test operation. 

The test schedule was Interrupted when attempting the 6400 rpm test point be- 
cause of high Input power requirement (dynsmometer overload circuit breaker 
opened). Test operation at 5800 rpm Input speed, 6090 kW (8164 hp) (66. 3Z 
torque) was conducted with oil flows of approximately 113, 102, 91 and 80 kg/ 
min (248, 224, 200 and 176 Ib/mln) at 344*K (160*F) Inlet oil temperature. 

A review of the reduced oil flow test data and the calculated oil flow re> 
qulrements with 344*K (160*F) inlet oil tes^erature Indicated that an oil flow 
of 91 kg/min (200 Ib/mln) appeared to be adequate although with limited mar- 
gin. Test operation was resumed with DEI QCSEE-15A operation scheduled In 
; accordance with Table 5-8. 

i 

'oil used for this test operation was MIL-L-23699 (Royal Lubricants), the 
Aeroshell Turbine Oil 555 having been lost by an oil drain line separation 
during the preceding test operation. 

The maximum speed attained with the reduced oil flows was approximately 6600 
rpm with 78. 9Z torque. Operation was also conducted with 108. 6Z torque at 
6000, 6200 and 6400 rpm speeds, 10,324 kW (12,715 hp), 10,648 kW (14,273 hp) 
and 11,012 kW (14,760 hp) respectively. Higher than anticipated heat rejec- 
tion continued to be observed. Disassembly and visual inspection of the test 
unit gears and bearings and the slave unit sun gear indicated all parts in 
satisfactory condition. 
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Figure 5.3-1. QCSEE Main Reduction Gear. 

Star Gear Proximity Pickup 





TABLE 5-7 

. Q(»n MAIN 

RTOUCTIOH <»AE 

- OTV UNIT 




SCHEDULED DEI QCSEE-15 TEST OFERATIOII 




Oil Type . . 

see 

sees 

see 

esse 

. Aeroshell TurbiM Oil 555 

Xnlat Oil Density. 

s t e e 

see 

esse 

. .967 kg/1 (8.05 Ib/gel.) 

Inlet Oil Trapereture. . . 

see 

esse 

esse 

. . . 344*K (160*P) 

Condition 

Input 

Speed 

Power 

Torque 

Oil Flow 

Rate 

Tine 

Mlmites 

RPM 

kW 

Hp 

X 

kg/nin 

Ib/nin 

1st 

2nd 

3rd 

Idle 

1181 

75 

100 

4.0 


250 

15 








wm 

143 

10 

- 


Bxper. 

3031 

748 

1003 

15.6 

113 

250 

15 



Idle 





84 

186 

10 

120 


Cast Inspection 







X 



Approach 

6400 

6271 


66.3 

113 

250 

15 








102 

225 

10 

120 

300 

Geer Inspection 







X 



Take-off Std. 

7709 

12180 

16327 

99.7 

109 

241 

- 

60 

150 

Day 

Take-Off Hot 

7934 

12531 

16798 

99.6 

113 

250 

15 

60 

150 

Day 

Geer Inspection 







X 

X 

X 

Reverse 

7366 

12682 

17000 

108.6 

113 

250 

15 

60 

120 

Gear Inspection 







X 

X 

X 

Fan Map 

8211 

14651 

19640 

112.6 

113 

250 

15 

60 

120 

Gear Inspection 







X 

X 

X 

Dissssrably 







X 




TABLE 5-8. QCSEE MAIN REDUCTIOtl CTAR - OTW UIIIT 


SCHEDULED DEI QCSEE-15A TEST OPEKATTOH 

Oil Typ« Aerothell Turbina Oil 555 

Inltt Oil Density 967 kg/1 (8.05 Ib/gal.) 

Inlet Oil Taaperature 344*K (160*F) 


Condition 

Input 

Speed 

RPM 

Power 

Torque 

X 

Oil Flow 

Rate 

Tine 

Minutes 

kW 

Hp 

kg/nin 

Ib/nin 

Exp. Idle 

3031 

748 

1003 

15.6 

84 

M 

10 

Approach 

6400 

6271 

9009 

66.3 

91 


15 

Take-Off 

7934 

12531 

16798 

99.6 

91 


15 

Gear Inspection 







X 

Reverse 

7366 

12682 

17000 

108.6 

91 

201 

15 

Gear Inspection 







X 

Fen Map 

8211 

14651 

19640 

112.6 

91 

201 

15 

Gear Inspect i.>n 







X 
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1 

1 


7or tlM nme taac oparatioo, IttZ QC8EE>16| th« fellowiag chMgM trara aadai 


b. 


Ttia taat unit oil Moifold aaa aodifiad to ^rova oil acavangii^ or 
drainat* at fiva aeeaaaibla atar gaar baarii^ locatioat, Pigura 5.3-2. 

A baffla around tiia aun gaar eouplii^ to daflaet eoupli^ uindaga 
auay froa tha miting atar gaar baaring oil uaa fabrieatad and in- 
ttallad. 


e. nia GaMral Elactric Colony angina eonfi^ration baffla acraan 
arou^ tha taat unit was imtallad. 

Tha achadulad taat oparatiM for DEI QCSBE-16 ia thoini by Tabla 5-9. Tha 
aanitai oparating coiulition attainad, liaitad by axcaaaiva driving pouar ra- 
quir«Mnt and djmaaoaatar circuit braakar opaning, Ma alightly abova 6400 
rpa. Tha highaat pouart attainad vara 11,057 Wi U4,822 tq>) at 112. 4Z torqua 
and 6200 rp« and 11,009 101 (14,757 hp) at 108.6% torqua and 64(K) r^. 

Tha taat progroi vaa now dlractad toward idantifying tha influanca of tha oil 
diatribution within tha gaar aat on tha oil churning powar loaa. Tha follow- 
ing nodificationa vara inco^ratad in tha ta«t unit aaction of tha rig. 


TABLE 5-9. _QC8EB MAIE EK>VCriQ8 QBUfflll. 


SCKEDULK) DEI QCSEE-16 TEST OlEBATIOM 


Oil Typa 

Inlat Oil Danaity. 
Xnlat Oil TfBparatura. 


MII/-L-23699 

.967 kg/1 (8.05 Ib/gal.) 
344*K (160*P) 


Condition 

Input 

•?naad 

Powar 

Torqua 

Oil Plow 

Rata 

tiiaa 

Minutaa 

RPM 

■2JH 


Z 

iTTr!T» 



Expar. 


748 


15.6 

84 

186 

10 

Idla 

mim 

3183 

4267 

66.3 

91 

201 

15 

- 

4000 

4200 

5630 

66.3 

91 

201 

15 

- 

5200 

5461 

7320 

66.3 

91 

201 

V. 

^proach 

6400 

6721 

9009 

66.3 

91 

201 

15 

«p 

7934 

8333 

11171 

66.3 

91 

201 

15 

Tako-Off 
Gaar Inapaction 

7934 

12531 

16798 

99.6 

91 

201 

15 

Rave raw 

73o6 

12682 

17000 

108.6 

91 

201 

15 

Gear Inapaction 
Exp. Idle 

3031 

748 

1003 

15.6 

68 

149 

120 

i^proach 
G%ev Inapaction 

6400 

6271 

9009 

66.3 

M 

180 

120 

- 

6400 

10113 

13556 

99.6 


193 

120 

Gaar Inapaction 








- 

6400 

11009 

14757 

108.5 

91 

201 

60 

Gaar Inapaction 








- 

6400 

11414 

15301 

112.6 

91 

201 

60 

Gaar Inapaction 
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a. Spray tube oil flow was reduced by plugging three of the five jets 
on the out of mesh (star gear) side and one jet on the into mesh 
(sun gea~) side. Figure 5.3-3. 

b. Added auxiliary oil fl'JW tubes for introducing additional oil into 
either the inside of '•he rotrtlng output shaft shroud or to the out- 
side of the rotating output shaft to simulate engine return oil, 

Figure 5.3-4. 

The original oil flow distribution was approximately 64% to the gears and 56% 
to the star gear bearings with the gear oil being distributed 50% to the sun 
gear and 50% to the star gear at each mesh. The spray tube revision changed 
the distribution to approximately 52% to the gears and 48% to the star gear 
bearings with the gear oil being distributed 67% to the sun gear and 33% to 
the star gear at each mesh. 

Scheduled DEI QCSEE-17 test operating conditions are shown by Table 5-10. The 
total oil flow was reduced to 68 kg/mln (150 Ib/min) in the test unit and the 
maximum toisque above 6400 rpm was limited to 50% as a safety precaution. 

Total oil flow to the slave unit was 91 kg/mln (201 Ib/mln) or 25 GPM. 

The maximum operating condition attained, again limited by excessive driving 
power requirement and dynamometer circuit breaker opening, was 6980 rpm, 5538 
kW (7424 hp) (50% torque). Tests were then conducted at 6400 rpm with the 
auxiliary flows to simulate engine return oil flows. 

Both OTW and UTW unit test data were analyzed to Identify parameters which 
could be varied to achieve the maximum test operating speed for a final test 
operation. As a result of this analysis the following changes were made for 
DEI QCSEE-18 test operation. 

a. The dynamometer input power circuit breakers were set to permit lim- 
ited time operation at the maximum safe operating load for the dyna- 
mometer, approximately 680 amperes each at 250 volts; total input of 
340 kW (455 hp) . Actual voltage and power available at 680 amperes 
was 240 volts; 326 kW (437 hp) . 

b. Additional modifications made to the test unit spray tubes. Figure 
5.3-3. 

c. Modified slave unit spray tubes similar to the test unit ones. 

d. Removed General Electric Company oil scavenge screen from test unit 
end of rig. 

e. Installed oil scavenge pump for the test unit end of the rig. 

f. Installed proximity pickup to sense axial movement of the input shaft. 

g. Torquemeter calibration for torque versus millivolt readout checked. 
(Inconsistency between power input indicated by the torquemeter 
torque and the electrical power input noted during data analysis.) 
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DEI QCSEE-18 Configuration 



Sun Gear 
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Figure 5.3-3 Spray Tube Modifications 
QCSEE MRG OTW Unit 
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TABLE 5-10. OCSEE MAIN REDUCi'ION GEAR - OTW UMIT 
SCHEDULED DEI QCSEE-17 TEST OPERATION 


Oil Type MIL-L-23699 

Inlet Oil Density 967 kg/1 (8.05 Ib/gal.) 

Inlet Oil Temperature. . 3A4*K (160*F) 



Input 



Torque 

Oil Flow Rate 

Condition 

Speed 

PO. 

rcr 

Gear Rate 

Auxiliary | 

RPM 

kW 

Hp 

% 

kg /min 

lb /min 

kg /min 

lb /min 


3031 

748 

1003 

15.6 

68 





3031 

3183 

4267 

66.3 

68 





4000 

4200 

5630 

66.3 

68 

150 




5200 

5461 

7320 

66.3 

68 

150 




6400 

6721 

9009 

66.3 

68 

150 




6400 

5078 

6807 

50.0 

68 

150 




6600 

7019 

5236 

50.0 

68 

150 




6800 

5395 

7232 

50.0 

68 

150 




7000 

5554 

7445 

50.0 

68 

150 



Gear Insp 

7000 

5554 

7445 

50.0 

68 

150 




7200 

5713 

7658 

50.0 

68 

150 




7400 

5871 

7870 

50.0 

68 

150 




7600 

6030 

8083 

50.0 

68 

150 




7800 

6189 

8296 

50.0 

68 

150 




8000 

6347 

8508 

50.0 

68 

150 



Gear Insp 

6400 

6721 

9009 

66.3 

68 

150 

0 

0 


6400 

6721 

9009 

66.3 

68 

150 

7 

15 


6400 

6721 

9009 

66.3 

68 

150 

13.5 

30 


6400 

6721 

9009 

66.3 

68 

150 

18 

40 


6400 

6721 

9009 

66.3 

68 

150 

23 

50 


This latest spray tube revision gave an oil flow distribution of approximately 
56% to the gears and 44% to the star gear bearings with the gear oil being 
distributed 57% to the sun gear and 43% to the star gear at each mesh. 

Scheduled DEI QCSEE-18 test operating conditions are shown by Table 5-11. The 
maximum conditions at which OTW operation was accomplished during this test 
are as follows: 


Condition 

Power 
kW (hp) 

Torque 

% 

Speed 
rpm (%) 

Maximum Power 

11342 (15204) 

100 

7148 (90) 

Maximum Speed 

5993 ( 8034) 

50 

7554 (95) 

Maximum Torque 

11012 (14762) 

108 

6400 (80) 


Corresponding OTW maximum gear pitch line velocity at 95% speed was 113.3 m/s 
(22,300 fpm) and the maximum star gear spherical roller bearing DN was 0.85 x 
106. 
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The total operating time on the QCSEE MRG OTW units was approximately 36 hours 


TABLE 5-11. QCSEE MAIN REDUCTION GEAR - OTW UNIT 


SCHEDULED DEI QCSEE-18 TEST OPERATION 

Oil Type MIL-L-23699 

Inlet Oil Density 967 kg/1 (8.05 Ib/gal.) 

Inlet Oil Temperature 344®K (160®F) 


Input 

Speed 


Power 


Condition 


Gear Inspection 


Gear Inspection 


Gear Inspection 


3183 

6721 

7351 

7737 

12674 


4267 

9009 

9853 

10371 

16989 


Torque 


66.3 

66.3 

66.3 

66.3 

108.6 


Oil Flow 
Rate 


kg /min 

lb /min 

68 

— 

68 


68 

150 

68 

150 

68 

150 

68 

150 

68 

150 

68 

150 

68 

150 

68 

150 

68 

150 

68 

150 

Oil Pressure 

PSIG 


Time 

Minutes 


Gear Inspection 


12674 16989 108.6 
12181 16329 99.6 
12537 16805 99.6 














5.3.2 Oil Temperature 

Oil temperature rise is plotted as a function of input sun gear shaft speed in 
Figures 5.3-5, 5.3-6, 5.3-7 and 5.3-9 for the various operating conditions 
where sufficient data points with only one variable were available. Project- 
ing the plotted test data cu.rves to the 100% speed point was found to be the 
most convenient method for comparing the results of the several modifications 
in hardware and operating parameters. 

Data for DEI QCSEE-15 and 15A operation at 66.3% and 108.6% torque with the 
oil flew reduced co 91 kg/min (200 Ib/min) are presented by Figure 5.3-5. 

These data are for operation with no baffle screens, the same scavenging con- 
figuration used during the final UTW unit test operation. As projected, an 
oil temperature rise of 55°K (99*'F) at 7961 rpm is Indicated for 66.3% torque 
and 56®K (101®F) for 108.6% torque. The closeness and scatter for the few 
points limits the accuracy of the projection. The 344®K (160®F) inlet oil 
temperature and the above temperature rise results in an oil out temperature 
of approximately 400°K (261°F). Extrapolated oil temperature rise at 5800 
rpm, 66.3% torque and 114 kg/mln (250 Ib/min) oil flow was 36®K (55®F) . VJith 
the oil flow reduced to 80 kg/min (177 Ib/min) the oil temperature rise in- 
creased to 33®K (60°F). 

Data for DEI QCSEE-16 operation at 66.3% and 99.6% torque at speeds to 6400 
rpm and approximately 92 kg/min (200 Ib/min) oil flow are shown by Figure 
5.3-6. Projection of the curves to 7961 rpm, the 100% speed point, indicates 
an oil temperature rise of 64°K (115®F) at 66.3% torque and 65.5®K (118°F) at 
99.6% torque. At the 66.3% torque the projected oil temperature rise is ap- 
proximately 9°K (16°F) higher than for the previous test operation. Projected 
oil temperature rise for 100% torque would be 66°K (119®F) and result in an 
outlet temperature of 410°K (279°F). At the 6400 rpm speed point measuied oil 
temperature rise was 38.9®K (70°F) for the previous test and 41°K (74®F) for 
this test. The individual effect if any of the three modifications, i.e., oil 
manifold relief modification, installation of the coupling windage baffle and 
General Electric Company screen, could not be determined. The difference in 
the slopes of the DEI QCSEE-15 and the QCSEE-16 could be real or could be the 
result of the accuracy of projecting the data from the relatively closely 
spaced data points in Figure 5.3-5. At least, there was no overall improve- 
ment attributable to the three modifications. 

Data for DEI QCSEE-17 operation at 66.3% and 50% torque with approximately 68 
kg/min (150 Ib/min) oil flow are shown by Figure 5.3-7. Projection of curves 
to 7961 rpm, the 100% speed point, indicates an oil temperature rise of 68.5°K 
(123®F) for the 66.3% torque. Comparison of Figures 5.3-6 and 'i.3-7 shows 
that with reduced oil flow a greater temperature rise results. 

The effect of added oil being supplied into the output shaft shroud is shown 
by Figure 5.3-8. With a total test unit oil flow of approximately 92 kg/min 
(202 Ib/min) the oil temperature rise is 36®K (65°F). Under the same speed, 
load and oil flow during DEI QCSEE-16 operation the oil temperature rise was 
41°K (74®F). These data Indicate that introducing part of the oil directly 
into the star gear/ring gear mesh area does not produce the same effect as the 
same total flow through the bearings and gear spray tubes at low (88%) speed 
and (66%) torque. 
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SPEED 6400 RPM (80% N) 

POWER 6720 kW (9008 HP) 


INLET OIL TEMPERATURE . . 344*K (160*F) 


Figure 5.3-8. QCSEF. Main Reduction Hear - OTW Test Unit 
Simulated Engine Return Oil Flow Effect 
on Oil AT (DEI QCSEE-17) 
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Data for DEI QCSEE-18 oparation la ahown by both Tabic 5-12 and Figure 5.3-9. 

A projection of the 66. 3E torque, 91 kg/uin (202 Ib/mln) oil flow curve to 
7961 rpn Indicates an oil tenperature rice of 59*K (106*F). With an Inlet oil 
temperature of 344*K (160*F) the oil out cenperature becomes 403*K (266*F). 
Using the 68 kg/mln (150 Ib/mln) oil flow the projected curve Indicates 68*K 
(122*F) oil temperature rise for an oil out temperature of 412*K (282*F), or 
about 9*K (16*F) above the value with the higher flow at lOOX design speed and 
66. 3Z torque. At lOOZ torque, the oil temperature rise would Increase about 
12*K (21*F). 

Assuming the same slope as Indicated for the lower torques In Figure 5.3-9, 
the curve for lOOX torque, 68 kg/mln (150 Ib/mln) oil flow and 339*K (150*F) 
Inlet oil tempeiacure projected from a temperature rise of 61*K (109*F) at 
7148 rpm Indicates a temperature rise of approximately 73*K (132*F) at the 


TABLE 5-12. QCSEE MAIN REDUCTION GEAR - OTW UNIT 
DEI QCSEE-18 TEST OPERATION 


Inlet Oil Temperature 344-346*K (160-163*F) 


Input 

Speed 

Power 

Torque 

Oil Flow 
Rate 

Oil Temp 
Rise 

RPM 

kW 

Hp 

X 

kg/mln 

Ib/mln 

ma 

•f 

3000 

3150 

4223 

66.3 

68 




4000 

4200 

5630 

66.3 

68 




5200 

5460 

7319 

66.3 

68 

150 


58 

6400 

6720 

9008 

66.3 

68 

150 

46 

83 

6400 

5078 

6807 

50 

68 

150 

45 

81 

6800 

5470 

7332 

50 

68 

150 

49 

89 

7000 

5554 

7445 

50 

68 

150 

53 

95 

7366 

5844 

7834 

50 

68 

150 

58 

104 

7554 

5993 

8034 

50 

68 

150 

61 

109 

3031 

3182 

4266 

66.3 

92 

203 

11 

19 

6400 

6720 

9008 

66.3 

92 

202 

41 

73 

6800 

7141 

9572 

66.3 

92 

202 

46 

82 

7000 

7350 

9853 

66.3 

92 

202 

48 

86 


Inlet Oil Temperature 339*K (150-151*F) 


Input 

Speed 

RPM 

Power 

Torque 

X 

Oil Flow 
Rate 

Oil Temp 
Rise 

VU 

Hp 

kg/mln 

Ib/mln 

mm 

•f 


8330 

■ II n 

75 

68 

— 




9450 


85 

68 





9950 


90 

68 

150 

57 



10884 

14590 

100 

68 

150 

58 



11342 

15204 

100 

68 

150 

61 

109 


5840 

7827 

50 

68 

150 

59 

107 


8766 

11750 

75 

68 

150 

61 

109 



































lOOX torque point. This also results in an oil out temperature of 412*K 
(282*F). Maintaining the same inlet oil temperature and increasing the oil 
fir if will result in an oil out temperature reduction of about 12*K (21*F). 

5.3.3 Bearing Temperature 

Differentials between oil inlet temperature and temperatures at the faces of 
the star gear spherical roller bearing inner races are presented for operating 
parameter variables of speed, load, inlet oil temperature and bearing location. 
Figure 5.3-10 Identifies the bearing locations ind*cated on the following 
charts. The star gear face proximity pickups dlrcussed in section 5.3.5 were 
at bearing location number 5. The oil temperature rise through the reduction 
gear is also shown on the bearing temperature charts. 

A comparison of bearing to inlet oil temperature dif erentlals for DEI QCSEE- 
15 and QCSEE-16 test operations is shown by Figure 5.3-11. The combination of 
the oil manifold cutouts, sun gear coupling shroud and installation of General 
Electric Company screen resulted in a small increase in the bearing tempera- 
tures at the 6400 rpm input shaft speed. During QCSEE-15 operation the ther- 
mocouple at bearing location number 6 was inoperative. One of the two oil 
passages in bearing location number 8 trunnion was subsequently found to have 
been restricted during this operation and the cause for that bearing tempera- 
ture reading b'^h. The temperature of the bearing at location number 5 is the 
highest in this as well as all other operations at input speeds above 4000 rpm. 
The high temperatures at this location has been attributed to restriction of 
the oil flow from the bearing by the proximity pickup support. Although data 
at speeds below 6400 rpm have not been plotted, it was observed that at speeds 
below 5200 rpm the average bearing temperatures were higher than the outlet 
oil temperatures, at 5200 rpm they were approximately equal and above 5^00 rpm 
the average bearing temperatures were lower than the outlet oil temperatures. 
The cutouts made in the oil manifold for QCSEE-16 operation were at bearing 
locations numbers 1, 2, 5, 6 and 8. No influence of the cutouts in comparison 
to the locations not relieved is apparent. The oil inlet to the oil manifold 
is at bearing location number 4. 

Bearing and oil temperature differentials relative to the inlet oil tempera- 
tures for 6400 rpm to 7000 rpm speeds with the reduction gear oil flow re- 
duced to 68 kg/min (150 Ib/min) during DEI QCSEE-17 test operation are shown 
by Figure 5.3-12. The estimated oil flow to each bearing for this operation 
is 4.1 kg/mln (9 Ib/min), the same as for Figure 5.3-11 operation data. 

Bearing and oil temperature differentials relative to inlet oil temperatures 
for 7000, 7366 and 7554 rpm input speeds during DEI QCSEE-18 test operation 
are shown by Figure 5.3-13. Although the total oil flow to the reduction gear 
is the same as during the preceding test. Figure 5.3-12, the estimated indi- 
vidual bearing flows are 3.75 kg/min (8.25 Ib/min) as a result of spray tube 
modi f Ic.-it ions to supply additional oil to the gears. The temperatures for the 
7000 rpm data in Figure 5.3-13 average approximately 1 'K to 2*K higher than 
shown in Figure 5.3-12 which is attributable to the reduced oil flow rate to 
the bearing. 
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•STAR GEAR BEARING 
INNER RACE TEMPERATURE 
THERMOCOUPLE THIS 
LOCATION, EACH BEARING 


STAR GEAR PROXIMITY 
PICKUPS (FIGURE 5.3-1) 


THIS LOCATION 




Wm 


BEARING LOCATIONS 


Figure 5.3-10. QCSEE Main Reduction Gear 
OTW Unit 
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SPEED 6400 RPM(80%) 

TORQUE 108.6% 

POWER 11010 kW (14760 HP) 

OIL FLOW 91 Kg/MIN (200 LB/MIN) 

OIL IN TEMP 346'*K (162‘’F) 

SYMBOL: 

X DEI QCSEE-15 OPERATION 

® DEI QCSEE-16 OPERATION 

Bearing and Oil Out to Oil In 
Temperature Differentials 






Figure 5.3-11. QCSEE Main Reduction Gear - OTW Test Unit 



TEMPERATURE DIFFERENTIAL 



TORQUE ■ 50% 

OIL FLOW 68 Kg/MIN (150 LB/MIN) 

OIL IN TEMP 346“K (164“F) 

SYMBOL SPEED POWER 

X 7000 RPM (88%) 5540 kW (7445 HP) 

+ 6800 RPM (85.5%) 5395 kW (7232 HP) 

© 6600 RPM (83%) 5236 kW (7019 HP) 

® 6400 RPM (80%) 5077 kW (6806 HP) 

REFERENCE DEI QCSEE-17 OPERATION 


Bearing and Oil Out to Oil In 
Temperature Differentials - Variable Speed 


Figure 5.3-12. QCSEE Main Reduction Gear - OTW Test Unit 
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TORQUE 50% 

OIL FLOW 68 Kg/MIN (150 LB/MIN) 

OIL IN TEMP 344°K (160®F) 

SYMBOL SPEED POWER 

X 7554 RPM (95%) 5993 kW (8034 HP) 

+ 7366 RPM (92.5%) 5844 kW (7834 HP) 

O 7000 RPM (88%) 5554 kW (7445 HP) 

REFERENCE DEI QCSEE-18 OPERATION 


Bearing and Oil Out to Oil In 
Temperature Differentials - Variable Speed 




Figure 5.3-13. QCSEE Main Reduction Gear - OTW Test Unit 
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Data for operation at 75%, 90% and 100% torque at 7000 rpm (88%) with the In- 
let oil temperature reduced to 339®K (151*F) Is shown by Figure 5.3-14. Pre- 
ceding data presented In Figure 5.3-13 were for 34A*K (160*F) Inlet oil tem- 
perature and 50% torque. 

A comparison of bearing and oil temperature differentials relative to the In- 
let oil temperature for Inlet oil temperatures of 340*K (152*F) and 345®K 
(162*F) are presented by Figure 5.3-15. This shows that a reduction of ap- 
proximately 5®K (10“F) In the Inlet oil temperature resulted In an Increase In 
the average bearing temperature differential of approximately 2.2”R (4°F). 

The bearing to oil inlet temperature differential for bearing location number 
6 from Figures 5.3-12 and 5.3-13 are plotted on Figure 5.3-16 and the slope of 
the curve through the points extended through the 100% speed point of 7961 rpm. 
This Indicates an expected bearing to Inlet oil temperature differential of 
approximately 58.5“K (105“F) or a bearing operating temperature of 403°K 
(265®F) for operation at 100% speed, 50% torque and 68 kg/mln (150 Ib/min) oil 
flow entering the reduction gear at 344®K (160®F) . Based on the 100% torque 
bearing to Inlet oil temperature differential shown on Figure 5.3-14 and as- 
suming the same temperature-speed curve slope as for 50% torque, the curve 
projected to 100% speed, indicates a bearing to inlet oil temperature differ- 
ential of approximately 66.5“K (120'’F) for operation at 100% speed, 100% 
torque and 68 kg/min (150 Ib/mln) oil flow entering the reduction gear at 
339®K (150®F). This results In an operating bearing temperature of 405®K 
(270“F). 

This projected temperature is approximately 7°K (12®F) greater than the maxi- 
mum bearing temperature experienced during the test operation. 

5.3.4 Mechanical Efficiency 

The power loss measurement used for calculating the OTW reduction gear effici- 
ency is the heat rejection to the oil based on the oil flow to the reduction 
gear and the temperature differential between entering and exiting oil. 

Heat rejection to the oil and the calculated efficiency for various test 
points are presented in Tables 5-13 through 5-17. Heat rejection rates versus 
speed for several test operating conditions are presented by Figures 5.3-17 
through 5.3-19. The heat rejection data are plotted on the basis of available 
sets of test points having only one variable and the curves are extended 
through the 100% speed point for comparing the results of the various hardware 
and operating parameter modifications. 

Comparison of Table 5-13 and 5-14 data, DEI QCSEE-15 and QCSEE-16 operation, 
shows that the combined effect of the addition of the oil manifold cutouts, 
coupling baffle and the General Electric screen resulted In an Increase In the 
heat generation. A data point showing this Is the 6400 rpm, 66.3% torque and 
91 kg/min (200 Ib/mln) oil flow rate operation where the heat rejection Is 
123 kW (165 hp) for QCSEE-15 and 130 kW (174 hp) for QCSEE-16 (6382 rpm). The 
effect of the Individual modifications cannot be determined from the available 
test data. 
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TEMPERATURE DIFFERENTIAL 
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OIL FLOW 68 Kg/MIN (150 LB/MIN) 

OIL IN TEMP 339°K (151“F) 

SPEED 7000 RPM(88X) 

SYMBOL TORQUE POWER 

O 75% 8330 kW (11167 HP) 

+ 90% 9987 kW (13388 HP) 

X 100% 10884 kW (14590 HP) 

REFERENCE DEI QCSEE-18 OPERATION 


Bearing and Oil Out to Oil In 
Temperature Differentials - Variable Load 


Figure 5.3-14. QCSEE Main Reduction Gear - OTW Test Unit 
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SPEED 7 366 RPM (92.5%) 

TORQUE 50% 

POWER 5844 kW (7834 HP) 

OIL FLOW 68 Kg/MIN (150 LB/MIN) 

OIL IN TEMPERATURE - 

X 340*K (152°F) 

+ 345”K (162“F) 

REFERENCE DEI QCSEE-18 OPERATION 


Bearing and Oil Out to Oil In Temperature 
Differentials - Variable Oil Inlet Terperature 


Figure 5.3-15. QCSEE Main Reduction Gear - OTW Test Unit 
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TABLE 5-13 


ICSEE MAIN REDUCTION GEAR - OTW UNIT 


DEI QCSEE-15 AND 15A TEST OPERATION 
HEAT REJECTION AND EFFICIENCY 


Inlet Oil Temperature 

Oil Type 

Oil Density 


. . 344-347*K (160-165“F) 
Aeroshell Turbine Oil 555 
.957 kg/1 (8.00 Ib/gal.) 


Input 

Speed 

RPM 

Power 

Torque 

% 

Oil Flow 
Rate 

Heat ReJ . 
Rate 

Eff . 

kW 

Hp 

kg /ml'’ 

Ib/min 

kW 

Hp 

3032 

748 


15.6 

114 


28 

38 

.962 

3032 

748 


15.6 

85 


25 

33 

.967 

5804 

6095 

8170 

66.3 

114 

250 

121 

162 

.980 

5804 

6095 

8170 

66.3 

103 

227 

116 

155 

.981 

5809 

6100 

8177 

66.3 

91 

200 

104 

139 

.983 

5828 

6120 


66.3 

80 

177 

96 

129 

.984 

6004 

6304 

8451 

66.3 

91 

200 

111 

149 

.982 

6400 

6720 

9004 

66.3 

91 

200 

123 

165 

.982 

6567 

6786 

9097 

66.3 

91 

200 

134 

179 

.980 

6593 

8242 

11048 

78.9 

91 

200 

136 

182 

.984 

6003 

9485 

12715 

100 

91 

200 

113 

151 

.988 

6289 

9958 

13349 

100 

91 

200 

132 

177 

.987 

6002 

10325 

13840 

108.4 

91 

200 

116 

156 

.989 

6190 

10648 

14273 

108.4 

91 

200 

123 

165 

.988 

6402 

11012 



14762 

108.^ 

91 

200 

131 

175 

.988 






















TABLE 5-14 


»CSEE MAIN REDUCTION GEAR - OTW UNIT 


=2 

DEI QCSEE-16 TEST OPERATION 
HEAT REJECTION AND EFFICIENCY 


Inlet Oil Temperature 

Oil Type 

Oil Density 


. . 344-347*K (160-165*F) 
Aeroshell Turbine Oil 555 
.957 kg/1 (8.00 Ib/gal.) 


Input 

Speed 

RPM 

Power 

Torque 

X 

Oil Flow 
Rate 

Heat ReJ. 
Rate 

Eff. 

kW 

Hp 

kg/min 

Ib/min 

kW 

Hp 

3030 

3182 

4265 

66.3 

92 

202 

30 

40 

.991 

mSm 

4200 

5630 

66.3 

92 

202 

51 

69 

.988 


5461 

7320 

66.3 

92 

203 

86 

115 

.984 

6382 

6701 

8983 

66.3 

91 

200 

130 

174 

.981 

6392 

8524 

11426 

84 

92 

202 

130 

174 

.985 

4000 

6321 

8473 

99.6 

91 

200 

62 

83 

.990 

5200 

8216 

11014 

99.6 

92 

202 

93 

124 

.989 

6340 

10391 

13929 

99.6 

92 

202 

128 

171 

.988 

6400 

6720 

9008 

66.3 

82 

180 

116 

155 

.983 

6400 

10113 

13556 

99.6 

88 

193 

128 

171 

.988 

6400 

11009 

14757 

108.4 

91 

200 

134 

179 

.988 

6200 

11057 

14822 

112.4 

91 

200 

128 

172 

.988 

























TABLE 5-15. QCSEE MAIN REDUCTION GEAR - OTW UNIT 
DEI QCSEE-17 TEST OPERATION 
HEAT REJECTION AND EFFECIENCY 


Inlet Oil Temperature 344-347®K (160-165*F) 

Oil Type MIL-L-23699 

Oil Density 967 kg/1 (8.05 Ib/gal.) 


Input 

Speed 

Power 

Torque 

Oil Flow 
Rate 

Heat Rej . 
Rate 

Eff. 

RPM 

kW 

Hp 

% 

kg/mln 

Ib/mln 

kW 

Hp 


3021 

3183 

4267 

66.3 

68 

BB 


39 

.991 

4000 

4200 

5630 

66.3 

68 



62 

.989 

5200 

5461 

7320 

66.3 

68 

150 

72 

97 

.987 

6400 

6720 

9008 

66.3 

68 

150 

108 

145 

.984 

6400 

5077 

6806 

50 

68 

150 

104 

140 

.979 

6600 

5236 

7019 

50 

68 

150 

112 

150 

.979 

6800 

5395 

7232 

50 

68 

130 

117 

157 

.978 

6980 

5538 

7424 

50 

68 

150 

122 

163 

.978 

Reference: Note (1) 







6410 

6730 

9022 

66.3 

68 

150 

104 

140 

.984 

6400 

6720 

9008 

66.3 

75 

166 

107 

143 

.984 

6400 

6720 

9008 

66.3 

82 

180 

111 

149 

.983 

6400 

6720 

9008 

66.3 

86 

190 

112 

150 

.983 

6400 

6720 

9008 

66.3 

91 

201 

112 

150 

.983 

Reference: Note (2) 







6400 

6720 

9008 

66.3 

68 

150 

lo: 

141 

.984 

6400 

6720 

9008 

66.3 

75 

166 

107 

143 

.984 

6400 

6720 

9008 

66.3 

82 

180 

107 

144 

.984 

6400 

6720 

9008 

66.3 

86 

190 

no 

148 

.983 

6400 

6720 

9008 

66.3 

89 

195 

111 

149 

.983 


NOTE: 

(1) Oil Flow to Reduction Gear - 68 kg/mln (150 Ib/min) , 

Balance supplied to Inside Rotating Output Shaft Shroud. 


(2) Oil Flow to Reduction Gear - 68 kg/mln (150 Ib/mln), 
Balance supplied to Outside of Rotating Output Sliaft. 
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TABLE 5-16. QCSEE MAIN REDUCTION GEAR - OTW IfNIT 


DEI QCSEE-18 TEST OPERATION 


HEAT REJECTION AND EFFICIENCY 


Inlet Oil Temperature 

Oil Type 

Oil Density 


. 3A4-346"K (160-163"F) 

MlL-L-23699 

,967 kn/1 (8.05 Ib/gal.) 


Input 

Speed 

















TABLE 5-17. QCSEE tlAIN REDUCTION GEAR - OTW UNIT 
DEI qCSEE-18 TEST OPERATION 


HEAT REJECTION AND EFFICIENCY 


Inlet Oil Temperature 

Oil Type 

Oil Density 


339*K (151*F) 

MIL-L-23699 

970 kg/1 (8.09 Ib/^al.) 


Input 

Speed 


Torque 

Oil Flow 
Rate 

Heat ReJ . 
Rate 

Eff . 

RPM 

kU 

Hp 

Z 

kg/min 

Ib/roin 

kW 

Hp 


7000 

8331 

1^ 

75 

68 

n 

Bl 

ISI 

.984 

7000 

9450 

WSSM 

85 

68 


■fS 

mam 

.986 

7000 

9987 

13388 

90 

68 

150 

134 

iQl 

.987 

7000 

10884 

14590 

100 

68 

150 

137 

m 

.987 

7148 

11342 

15204 

100 

68 

150 

144 

193 

.987 

WM 

5839 

7827 

50 

68 

150 

141 

189 

.976 

■1 

8766 

11750 

75 

68 

150 

144 

193 

.984 
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Figure 5.3-18. QCSFF Main Reduction Gear - OTW Test I'nlt 
Heat Rejection Rate Vs Speed 
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The most significant reduction in heat generation or power loss was accom- 
plished by reduced oil flow to the gear unit. 

The test operation during which additional oil was Introduced directly Into 
the reduction gear cavity, both Inside and outside of the output shaft, to 
determine if Inadequate scavenging from the lower part of the rig was respon- 
sible for the oil churning and heat generation produced an Increase in heat 
generation but less than when the same total flow was supplied directly to 
the reduction gear Inlet. Data for the added flows are shown in Table 5-15. 

At 6A00 rpm, 66.3% torque, an increase In the total oil flow from 68 kg/mln 
(150 Ib/min) to 91 kg/mln (201 Ib/min) by adding the oil externally increased 
the heat rejection rate approximately one-third of that resulting from sup- 
plying a full 91 kg/mln (200 Ib/min) oil flow directly into the reduction 
gear. This indicates that oil churning by the output shaft is a contributor 
to the heat generation, but not the major source, at low speed (approximately 
80%) . 

A comparison of 3000 rpm to 7000 rpm operation for DEI QCSEE-17 and QCSEE-18 
shows a slightly higher heat rejection rate for the latter. The test param- 
eter changes Included removal of the General Electric screen, modification of 
the oil distribution ratio to the bearings and gears and Installation of an 
oil scavenge pump. During the last test operation approximately 56% of the 
oil flow was to the gears whereas the amount was only 52% for the preceding 
test operation. 

The reduction in the Inlet oil temperature from 344“K (160**F) to 339®K (151®F) 
resulted in a small increase in the heat rejection rate as indicated by the 
7366 rpm, 50% torque point data in Table 5-16 and 7359 rpm, 50% torque point 
in Table 5-17. 

The slopes of the heat rejection rate versus speed curves presented by Figures 
5,3-17 through 5.3-19 for the various operating conditions appear rather con- 
sistent. The curves have been extended to provide 6400 rpm and 7961 rpm data 
for use in the efficiency calculations. 

Calculated efficiency versus percent torque is shown by Figure 5.3-20. The 
data for the points plotted are shown in Tables 5-18 and 5-19. The 6400 rpm 
data are mostly actual tes'. points whereas all of the 7961 rpm data are from 
projections of the heat rejection versus speed curves. The maximum efficiency 
indicated at 6400 rpm is .988 at the 100% and 108% torques. At 7961 rpm the 
maximum efficiency point is .986 with an oil flow rate of 91 kg/min (200 lb/ 
min). A projection of the lower oil flow rate data would show a slightly 
higher efficiency. 

The maximum measured mechanical efficiency of 99.1% was obtained at low (ap- 
proximately 26%) speed (3030 rpm). Measured mechanical efficiency decreased 
slightly with increased speed and increased slightly with increased torque. 

The maximum measured high speed, high power OTW mechanical efficiency was 
98.7% at 90% speed and 100% torque. 

The lower than anticipated efficiency is attributed to the churning of oil 
trapped in the roughly triangular space between adjacent star gears and the 
sun gear. 
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SYMBOL 

DEI 

OIL FLOW 

+ 

QCSEE-15 

91 kg/min @ 344°K (200 Ib/mln @ 160"F) 

X 

QCSEE-16 

91 kg/mln 0 344“K (200 Ib/min 0 160*F) 

B 

QCSEE- 16 

88 kg/min 0 344°K (193 Ib/min 0 160"F) 


QCSEE-16 

82 kg/min 0 344®K (180 Ib/min 0 160*F) 

0 

QCSEE-17 & 18 

68 kg/min 0 344'’K (150 Ib/min 0 160"F) 

□ 

QCSEE-18 

92 kg/min 0 344'’K (202 Ib/mln 0 160“F) 


QCSEE-18 

68 kg/min 0 339“K (150 Ib/mln 0 160“F) 


Figure 5.3-20. QCSEE Main Reduction Gear - OTW Test Unit 
Efficiency Vs Torque 






TABLE 5-18. QCSEE MAIN REDUCTION GEAR - OTW UNIT 
HEAT REJECTION AND EFFICIENCY AT 6400 RPM (80. 4X SPEED) 


DEI Torque 
QCSEE 
No. X 


66.3 

108.4 

66.3 

84. 

66.3 

99.6 

108.4 


Power 


kW 


10141 13594 


Oil In 


Flow 


Hp I kg /min I lb /min 


6720 9008 

11012 14762 

9008 
11440 
9008 
10120 13556 

11009 14757 

6720 9008 

5078 6807 

6720 9008 

5078 6807 

6720 9008 

5078 6807 



■tail 

IL. 


Heat 

Rej. 


kW Hp 




160 130 174 

161 130 174 

161 116 155 

345 161 128 171 

345 161 134 179 

345 161 108 145 

344 160 104 140 

345 161 110 148 

345 162 109 146 

345 161 130 174 

345 161 107 143 



TABLE 5-19. QCSEE MAIN REDUCTION GEAR - OTW UNIT 
PREDICTED HEAT REJECTION AND EFFICIENCY AT 7961 RPM (lOOZ SPEED) 



Oil In 


Flow 


Hp kg/min I Ib/min 



Heat 

Rej. 


kW Hp 



248 .978 

261 .986 


344 160 205 275 .975 

344 160 170 228 .980 

344 160 162 217 .974 

344 160 162 217 .974 

344 160 188 252 .978 

344 160 198 265 .976 

339 151 225 302 .976 

339 151 235 315 .981 
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5.3.5 Vlbrntory Characterlntlca 


Back-to-back testing of the QCSEE over-the-^lng main reduction gear was con- 
ducted using the same basic system as for the under-the-wlng reduction gear, 
preceding section 5.2.5. 

The test setup consisted of a dynamometer driving a 1:3.3 speed Increaser 
which drives the back-to-back gear units In the test rig through a torque- 
meter shaft. Figures 5.3-21 and 5.3-22 show the vibration monitoring Instru- 
mentation locations used for this testing. 

The maximum observed vibration Is shown In Table 5-20. Amplitude, Input shaft 
rpm and predominant frequency are shown. The largest amplitude observed was 
star gear "wobble" as shown by proximity pickups 4 and 5. The frequency cor- 
responded to ring gear first order. All other amplitudes were significantly 
lower and were not considered unusual. 


TABLE 5-20. MAXIMUM OBSERVED VIBRATION - OTW 


Pickup 

Input 
rpm (Z) 

Amplitude 

Mils 

Predominant 

Order 

Proximity #3 
Mid Shaft Radial 

7000 

7368 

(88) 

(92.5) 

+ 

2.75 

Ring, 

Sun 

Proximity M 
Star Gear "Wobble" 

7000 


+ 

14.0 

Ring 

Proximity #5 
Star Gear "Wobble" 

7000 


+ 

16.8 

Ring 

Proximity #12 
Input Shaft Axial 

7000 


+ 

3.04 

Sun 

Dyn, Star 

Translational #6 
Output F&A(Test Unit) 

6400 

(80) 

+ 

2.96 

Dyn, Ring 
Star, Sun 

Translational - 
Pedestal Vertical 

6800 

(85) 

+ 

3.2 

Ring 

Translational #1 
Input Vertical (Slave) 

6400 

7000 


+ 

1.0 

Ring 

Translational #2 
Input Horizontal (Slave) 

7000 


+ 

1.98 

Ring 

Translational #4 
Output Vertical (Test) 

6400 

7368 


+ 

0.35 

Ring, 

Star 

Translational #5 
Output Horizontal (Test) 

7368 


+ 

1.06 

Star 
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Figure 5.3-21. QCSEE Main Reduction Gear - OTW 
Vibration Instrumentation Locations 
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Figure 5.3-22. Main Reduction Gear - QCSEE OTW 
Proximity and Accelerometer Locations 
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Star gear "wobble" as shown by proximity pickups 4 and 5 was analyzed In con- 
siderable detail In terms of sensitivity to load, speed and frequency of 
wobble. 


Total amplitude at an Input shaft speed of 7000 rpm Is shown In Table 5-21. 
These results show that the largest amplitude of about 35 mils occurs at 50% 
design torque load. Total "wobble" amp}.ltude as a function of input shaft 
speed Is shown In Figure 5.3-23. The maximum amplitude occurs In the range 
of 7000 to 7300 rpm (88% to 92% speed) . 


Star gear wobble was further analyzed for frequency content. Results are 
shown In Table 5-22 and Figure 5.3-24. These results show the major component 
to be at first order of the ring gear. The next most significant frequency 
was first order of the star gear rotation with an amplitude one-fourth that 
of the ring gear order component . 


Axial shaft motion relative to the test unit housing Is shown In Figure 5.3-25. 
This also shows maximum response In the range of 7000 to 7300 rpm. The most 
significant frequency component was first order sun with the test stand drive 
motor and star gear first orders each contributing about one-half the ampli- 
tude of the sun component. 


The drive motor vibration is evident In the translational motion of the hous- 
ing and does not represent axial motion of the sun shaft. 


The star gear wobble characteristics were considerably different than those 
observed for the UTU. It Is recommended that this be monitored during engine 
testing. Wobble may be significantly different because of the difference In 
ring gear mounting between the engine and the back-to-back test Installation. 


Vertical, horizontal, forward and aft and mid-shaft vibration amplitudes are 
shown In Figures 5.3-26 and 5.3-27. Amplitudes of vertical and mid-shaft vi- 
bration are essentially the same order of magnitude as for the UTW Reduction 
Gear. Horizontal and fore and aft magnitudes are also generally similar ex- 
cept In the vicinity of 7000 rpm Input shaft speed where the OTW Is from 2 to 
4 times the UTW magnitudes. 


The differences In star gear wobble characteristics at the maximum amplitude 
condition for the OTW and those reported for the UTW Unit, Section 5.2.5., are 
shown by the following table. 


Major 

± Mils 


Component 

OTW 

UTW 

Ring 

18.7 

5.2 

Sun 

3.7 

5.2 

Star 

6.6 

11.2 


Except for the star gear wobble no unusual vibration conditions were observed. 
Since the ring gear support In the engine differs from that used In the test 
gear box it Is recommended that provision be made to monitor this condition 
during actual engine testing. 


127 


TABLE 5-21. STAR GEAR WOBBLE PROXIMITY PICKUP #5 - OTW 


Total Amplitude 9 7000 RPM (68Z) 

Date 

X Torque 

Total Amplitude - Mils 

9-24-76 

50 

+ 17.35 

1 9-27-76 

66 

+ 9.25 

9-27-76 

50 

+ 16.8 

9-28-76 

50 

+ 14.5 

9-28-76 

100 

+ 9.85 

9-28-76 

85 

+ 10.6 





TABLE 5-22. STAR GEAR WOBBLE PROXIMITY PICKUP #5 - OTW 
ORDER RESPONSE VS LOAD & SPEED 



RPM 

X 

Torque 

Ring 

Sun 

Sun + 
Ring 

7000 

50 

+ 13.2 

± 3.7 

+ 6.6 

7368 

50 

+ 18.7 

+ 3.3 

± 3.7 

6400 

50 

± 5.3 

+ 0.8 

± 3-1 

7000 

50 

+ 8.3 

± 2.4 

± *-7 

7368 

50 

± 

± 3-9 

± ^*2 

7554 

50 

± 3.7 

± 1*7 

± 3.7 

7000 

75 

+ 9.4 

+ 0.5 

+ 0.5 

7368 

75 

± 5.9 

± 1-9 

+ 3.3 

7000 

85 

+ 10.5 

+ 0.5 

+ 0.7 

7000 

100 

± 7.9 

+ 0.6 

+ 0.5 

7160 

100 

+ 8.3 

+ 0.4 

+ 0.6 


Star + 
Ring 



L28 

















Figure 5.3-23. Proximity Pickup #5 Star Geer Wobble 0 Pitch Line 
Heximum Totel Amplitude Ve Speed - OTW Teet Unit 
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Figure 5.3-24. Proximity Pickup #5 Star Gear Wobble 0 7000 RPM 
Order Amplitude Va Load - OTU Teat Unit 
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Figure 5.3-25. Proximity Pickup #12 Shaft Axial Motion Relative to Housing 
Maximum Total Amplitude Vs Input Speed - OTV Test Unit 
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FlKure 3.3-26. Main Reduction Gear - QCSEE - OTU 
Vibration Anplltude Va RPH 9 50Z Torque 
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Figure 5.3-27. Main Reduction Gear - QCSEE - OTW 
Vibration Amplitude Vs RPM 
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5.3.6 Post Test Inspection 


At the conclusion of the reduction gear testing both the test unit and shivo 
unit were completely disassembled and the following Inspections performed. 

a. Magnetic particle Inspection of the following parts: 

Sun gears 
Ring gears 
Spray tubes 
Star gear supports 
Sun gear couplings 

b. Fluorescent penetrant Inspection of the following: 

Oil manifold (aluminum) 

c. Visual Inspection: 

All of the above parts 
Star gears and bearings 

d. Measurements 

Star gear, sun gear and ring Involute checks 

The star gears could not be magnetic particle Inspected without disassembly of 
the bearings, an operation requiring removal of more than half of the rollers 
from the cage pockets. The rollers In each bearing were visually Inspected 
for Indications of skidding at the Inner end of the cylindrical surface. One 
roller was removed from each row of rollers In each bearing for Inspection of 
the Inner race for Indications of distress. All bearings were found to be In 
good condition. No evidence of skidding type distress such as was encountered 
In some UTW unit star gear bearings was found. 

No distress Indications were found on any reduction gear parts by the magnetic 
particle or fluorescent penetrant Inspections. A pressure test of the modi- 
fied oil manifold showed leakage around some of the epoxy cement sealed cutout 
Inserts. Since the oil manifold modifications did not show any significant 
Improvement In test operation It has been recommended that the modified part 
not be Installed In the engine. 

Measurable wear was found on the flanks near the ends of the star gear teeth 
although wear at the center of the teeth was negligible, apparent evidence of 
the star gear wobble. The wear was relatively uniform at three points around 
the circumference of the gears. 

Spectographlc analysis performed on samples of oil taken from the test rig 
lubrication system at different times during the test operation was of limited 
value. The concentration of Iron was 5, 4 and 10 parts per million (ppm) for 
three consecutive samples of oil taken during DEI QCSEE-18 test operation. 

The concentration of other elements In the oil remained relatively constant. 
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The condition of the OTW reduction gear units was judged acceptable for Ini- 
tial scheduled operation In the experimental engine. Monitoring of the reduc- 
tion gear operation and Inspections as frequently as possible consistent with 
the engine test program schedule Is recommended. 

The OTW reduction gears were delivered to General Electric Company, Aircraft 
Engine Group, at Evendale, Ohio for subsequent Installation and test In the 
QCSEE OTW aircraft turbofan development engine. 

5.4 Correlation of UTW and OTW Unit Performance 

The general performance characteristics of the UTW and OTW reduction gears 
are similar. Differences In heat generation, bearing temperatures and effi- 
ciency are attributed to higher star gear speeds, higher gear pitch line 
velocities, smaller space between the star gears and the resultant entrapment 
of oil and Increased oil churning In the OTW unit. 

Bearing performance was acceptable although the UTW unit appeared to be mar- 
ginal at some unidentified operating condition. 

Gear tooth dynamic contact patterns were similar for both units. 

The oil flow rate selected for the UTW was adequate although a lower flow 
rate may have been acceptable. The lowered flow rates for the OTW unit were 
acceptable for the conditions of operation. 

The heat rejection rates were Influenced more by speed than power and conse- 
quently the OTW unit with a higher output speed and gear pitch line velocity 
showed higher heat rejection and lower mechanical efficiency for comparable 
Input speed and power. 

The most significant vibratory characteristic Identified Is the star gear 
"wobble" which appeared to be more severe in the OTW unit than in the UTW 
unit. The factor directly Influencing the star gears was not Identifiable. 
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6.0 CONCLUSIONS 


6.1 UTW Main Reduction Gears 

UTW main reduction gears accumulated a total operating time of about 48.8 
hours In the Hopklnson back-to-back test rig. 

a. Satisfactory UTW maximum power operation was demonstrated pt lOOZ 
design speed with 125% torque load, while transmitting a total power 
of 12,172 kW (16,316 hp). 

b. Satisfactory maximum speed operation was demonstrated with 50% torque 
load up to 105% design speed, corresponding to a maximum gear pitch 

line velocity of 103 m/s (20,360 fpm) , and a maximum star gear spherical roller 
bearing DN of 0.79 x 10^ (based on bearing bore (stationary) In mil- 
limeters and outer race rotational speed In rpm) . 

c. UTW unit oil out temperature at 100% speed (7781 rpm), 100% power and 

80 kg/mln (177 Ib/mln) oil flow at 344®K (160*F) Inlet temperature, 
based on test data shown In Table 5-2, Is approximately 382”K (230”F) . 

d. UTW unit star gear bearing Inner race temperature under above condi- 

tions Is approximately 380**K (225‘F), Indicating probable churning 
of the oil after It leaves the bearing. 

e. UTW unit mechanical efficiency under the above conditions Is 98.9%. 

Oil churning Is the probable major contributor to power loss or re- 
duced efficiency. 

f. At 125% power and conditions otherwise same as above, the UTW unit 

oil and bearing temperatures Increase approximately 1®K (2®F) and 

mechanical efficiency Is 99.1%. Overall reduction gear efficiency 
Increases with Increased torque up to 125% design torque. Power 
losses based on oil heat rejection rates are more dependent on speed 
than torque. 

g. No natural frequencies were observed that significantly affect opera- 
tion of the UTW reduction gear as operated In the test rig. 

h. An observed star gear axial motion or "wobble" condition showed a 
maximum amplitude of about 15 mils (D.A.) at approximately 7500 rpm 
Input shaft speed with 50% torque but decreased as speed Increased. 

Star gear "wobble" motion also decreased with Increasing transmitted 
torque. Predominant "wobble" frequency correlates with one per rev. 
of star gear rotational speed. Factors Influencing the star gear 
"wobble" were not positively identified. 


PRECEDING PAGE BLANK NOT FILMED 
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6.2 Oiy Main Reduction Gears 


OTW main reduction gears accumulated a total operating time of about 3C hours 
In the Hopklnson back-to-back test ring. 

a. Satisfactory OTW maximum power operation was demonstrated at 90Z de- 
sign speed with 100% design torque, while transmitting a total power 
of 11,342 kW (15,204 hp). 

b. Test rig power limitations restricted high speed, high power OTW 
operation. 

c. Satisfactory OTW maximum speed operation was demonstrated with 50% 
torque load up to 95% design speed, corresponding to a maximum gear 
pitch line velocity of 112 m/s (22,300 fpm), and a maximum star gear 
spherical roller bearing DN of 0.85 x 10”. 

d. OTW unit oil out temperature at 100% speed (7960 rpm) , 100% power and 
91 kg/mln (200 Ib/mln) oil flow at 344*K (160*F) Inlet temperature, 
based on projection of test data as shown by Figure 5.3-6, Is approx- 
imately 410°K (279*F). Descreaslng Inlet oil flow by about 25% to 

68 kg/mln (150 Ib/mln) would result In a projected oil outlet temper- 
ature of about 420°K (296”F) , which Is extremely high. 

e. OTW unit star gear bearing Inner race temperature under the design 
conditions In d. above Is estimated to be approximately 5*K (9*F) 
lower than the oil temperature or 405*K (270*F) based on data shown 
in Figures 5.3-13 and 5.3-14. Decreasing the Inlet oil temperature 
approximately 5*K (10®F) to 343®K (150*F) resulted In an average 
bearing temperature rise of about 2.2”K (4°F). 

f. Maximum measured high speed, high power mechanical efficiency was 
98.7% at 90% speed and 100% torque. Measured mechanical efficiency 
decreased slightly with Increasing speed and Increased slightly with 
Increasing torque. The slightly lower than anticipated mechanical 
efficiency Is attributed to the excessive churning of the oil In the 
roughly triangular area between adjacent star gears and the sun gear. 

g. No natural frequencies were observed chat significantly affect opera- 
tion of the OTW reduction gear as operated In Che test rig. 

h. An observed OTW star gear axial motion or "wobble" condition showed 
greatest amplitude of about 35 mils (D.A.) at approximately 7000 to 
7300 rpm (88 to 92% N) Input shaft speed with 50% torque, but de- 

* creased rapidly as speed Increased. Predominate "wobble" frequency 
correlates with a one per rev of the ring gear rotational speed. OTW 
star gear "wobble" appears to be more severe than was Che UTW. As 
noted for Che UTW unit, factors Influencing the OTW unit star gear 
"wobble" were not positively Identified. 
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OTU unit opwerated satisfactorily in the test rig at 7000 rpm, 

(88% N), 100% torque and a reduced oil flow of 68 kg/min (150 Ib/mln) 
at 339*K (151*F) inlet temperature. 

Gear scoring was not apparent from any of the test rig operation. 
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7.0 RECOMMENDATIONS 

1. Monitor bearing temperatures, reduction gear vibratory characteristics 
and star gear "wobble" during engine operation for correlation with the 
test rig operating experience. 

2. Supply 91 kg/min (200 Ib/mln) oil flow at 338"K (150'F) to the OTW re- 
duction gear In the engine. 

3. Conduct development effort to Identify and analyze factors Influencing 
the star gear "wobble". 

4. Conduct development effort to devise and test methods for directing the 
oil from the sun gear/star gear area to reduce oil churning and heat 
generation and Improve efficiency. 

3. Continue Investigation to determine the minimum oil flow required for 
satisfactory lubrication of the gears. 


preceding page blank not filmed 
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APPENDIX A 


ASSEMBLY PROCEDURE 
QCSEE A-1, UTW STAR GEAR 
AND SUPPORT SUBASSEMBLY 


PRECEDIPTC PAGE BLANK NOT FILMED 


QCSEE MAIN REDUCTION GEAR • UTW U% 


ASSEMBLY PROCEDURE 
FOR 

UTK STAR GEAR AND SUPPORT SUBASSEY 


DATE: OCT. 3 11975 


APPROVALS: 

Design 

Assembly 

Test 

Test Equipment 

Instrumentation 

Project 

POWER SYSTEMS GROUP 


CURTISS-WRIGHT CORPORATIOfi 
WOOD-RIDGE. N. J. 
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QCSEE A-1 


QCSEE rAIN ttWCTlON GEAR - UTW UNIT 


Assewtly Procedure for Ster Geer and Support Subassembly 
(for Test Rig Operation) 


1. Parts Required: 

1.1 Reduction Gear Hardware: 

Reference: LS 34810 Layout and Bill of Material No. 210 

Det. 


No. 

Part NuNber 

Name 

Quantity Check 

32 

HS9368-011 

• 0-R1r>g 

6 

6 

KS9388-029 

■0-Ring 

6 

26 

MS9388-032 

0-Ring 

6 

15 

MS9557-12 

Bolt 

6 

16 

AN960C416L 

Washer 

6 

28 

764D107 

Bolt 

1 2 . 

29 

2067D960 

Tablock 

12 

31 

185144 

Spray Bar 

6 

25 

185147 

Oil Sleeve 

6 

(Note 1) 

18 

185148 

Brc. Nut 

6 

19 

185149 

Nut Lock Ring 

6 

5 

185151 

0-Ring 

1 

8 

185152 

0-Ring 

1 

20 

185154 

Retaining Ring 

6 

21 

185155 

Retaining Ring 

6 

3 

185157 

Star Gear & Brg. 
(See 2.2) 

6 

A2 

490640 

Oil Manifold Assy. 

1 

A1 

490643 

Star Gear Support 

Assy. 1 


Note 1: Two pieces P/N 185147 replace two pieces P/N 185179 for 
test rig operation. 


originate 
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2.4 Place P/N 490643 su^oort on bench with trunnions up. 

Chill trunnions with dry Ice. 

2.5 Heat the gear and bearing ir.lts In oven to 250*F. 

2.6 With bearing S/N facing up. place gear and bearing on 
chilled trunnion raking sure that faring Inner race face 
Is seated against the trunnion shoulder. 


2.7 Repeat for remaining gear and bearing units. 

Record bearing S/'>« trunnion location, bearing Internal 

radial looseness code appearing on the bearing and the 

bearing bore (Quality Lab Report). 

Trunnlor *>5. arc. S/N IRL Bore 

1 

2 

3 

4 


JMrt’ iL 

^OOR QUAUn 


6 

2.E Place thermocouple instrumented P/N 185150 simulated VPM 
support on the trunnions. 


2.9 Install P/N 18514= bearing nuts and tighten to 375-415 
ft-lbs torque. Inspect between bearing face and support 
shoulder with .031 feeler gage to verify that bearing Is 
against the shoulder. 


2.10 Install P/N 185145 nut lock rings and P/N 185154 retaining 
rings. Check that retaining rings are fully seated in the 
groove. 


2.11 Install P/N MS9365-029 0-rings in smaller diameter grooves 
and P/N MS9388-032 0-r1ngs in larger diameter grooves on 
the P/N 185147 oil sleeves. Coat 0-r1ngs with Lubriplate 
grease before Installing. 

2.12 Insert an oil sleeve with 0-rlngs ir. each trunnion and 
Install P/N 185155 retaining rings. Check that retaining 
rings are fully seated in the groove. 

2.13 Assemble a P/N MS9388-011 0-r1ng on each of the six 

P/N 185144 spray bars. Lubricate 0-r1ng with Lubriplate 
grease before Installing. 


C. C t 
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page is 

Test RIs 3arts OF Poor quality 

Reference: LS 34822 and Bill of Haterlal No. 212 


Det. 

No. 

Part Number 

Name 

Ouartlty 

93 

185130 

Simulated VPM 
Support (Instrumented 
per ES 164342) 

1 

15 

1S5187 

Pilot Ring 

1 

Ic 

1E5213 

Nut Ring 

1 


165235 

Cover ciete 

2 



Gas*.et .Tike at Assy.) 

2 

117 

*'535456-35 

Screw 

3 


764:107 

Bolt 

4 


20670960 

TablocK 

4 


Assenblv Instructions 

References: Dwgs. 49-5-4, 499645, LS 34822 and T/L 244 

Clean ell parts thoroughly, check all passages and recesses 
end protect in plastic Pags until ready to be used. 

Select 6 185157 gear and Peering units having approxi- 

Tiately tne sane internal radial looseness. 

Nunber tne star gear trunnions on P/N 490643 star gear 
support assembly starting with No. 1 at the 12 o'clock 
position v«PProx. in line with the offset hole in the 
tr.ojntinc flange) ana rrcceeding counterclockwise. 

Vibroetcn number on O.D. of bearing back-up flange. 

Record trunnion diameters (Quality Lab Report). 

Record support serial number. 


Support S/N 


Trunnion No. 
1 
2 

3 

4 

5 

6 


Trunnion Dia. 
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AsseiMbIt th« six spray bars Into tHt P/N 490640 oil 
manifold using tha 20670960 tablockl and 7640107 
bolts. Bolt torqua Is 80-85 1n-1bs. 

Install P/N 1S51S1 0-R1na In tha largrr diamatar 
groova and P/N 185152 0-R1ng In tha smallar diamatar 
groove of P/N 490640 oil manifold. Coat 0-R1ngs with 
Lubriplata graasa before Installing. 

Invert star gear support and Install o11 manifold. 
Attach with the P/N KS9557-12 bolts and AN960C416L 
washers. Bolt torqua Is 80-65 In-lb. 

Attach P'N 185187 pilot ring using P/N 185213 nut 
ring and the three MS 35456-35 screws In locations 
shown on LS 34822. sheet 1. Torqua Is 120-130 In-lb. 

Install compression fitting In P/N 185187 pilot 
ring and thread themocoupla leads through tha 
fitting. 

Install P/N 185235 plates with gasket on the two 
openlno pads on tha oil supply side of tha oil 
manifold. Use two P/N 764D107 bolts and two 
20670960 tablocks per plate. Bolt torque Is 80-85 
In-lbs . 

Cover unit v'lth plastic to protect from contamination 
while awaiting Installation Into tha test rig. 
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QCSEE MAIN REDUCTION GEAR - UTW UNIT 

Assembly Procedure 
for 

UT*I Sun Gear Subassembly 


DATE : CCT. 3 1 1975 


APPROVALS: 

Design 

Assembly 

Test 

Test Equipment 
Instrumentation 
Project ^ 


Power System Group 
Curtiss-Wright Corporation 
Wood-Ridge, N. J. 
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QCSEE A-2 


)CSEE Main Reduction Gear > UTW Unit 


Assembly Procedure for Sun Gear Subassembly 
(For Test Rig operation) 

1. Parts required (for one sun gear assembly) 

1.1 Reduction Gear Hardware: 

(Reference: LS 34810 and Bill of Material No. 210) 

Iter. Part Number Name Qty. Check 

A5 490642 Sun Gear Assembly 1 

22 185146 Ring, Sun Gear & Coupling 1 

Lock 

23 185140 Coupling, Turbine Output 1 

Shaft 

9 675D4 Bolt (.3125-24 UNJF-3*) 32 

10 185153 Nut (.3125-24 UNJF-3 b) 32 

33 MS9677-09 Bolt (.250-28 UNJF-3A) 4 

Rig parts: (Reference LS 34822 and Bill of Material No. 212) 

Item Part Number Name Qty. Check 

46 185174 Coupling, Turbine Shaft 1 

Input 

1.2 Clean all parts thoroughly 

1.3 Assemble the P/N 490642 sun gear assembly on the P/N 185140 
coupling, engaging the splines such that the ellipse mark on 
the internal spline tooth end face of the P/N 490642 sun gear 
assembly is between the two ellipse marks on the external 

spline teeth end face of the P/N 185140 coupling. 
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Check 


Install the P/N 185146 lock ring on the P/N 185140 coupling 
by inserting the eignt internal lugs on P/N 185146 lock 
ring through the eignt external slots in the spline teeth 
of P/N 185140 coupling until the lugs on the P/N 185146 
lock ring are engaged in the 0.0. groove in the P/N 
185140 coupling. Rotate the P/N 183146 lock ring until the 
offset hole in the flange of the P/N 1B5146 lock ring Is 
aligned with the offset hole in the flange of the P/N 
490642 sun gear. assembly. 

Install the four P/N MS9677-09 bolts to fasten the P/N 
185146 lock ring to tne P/N 490642 sun gear asser.bly, 
and torque the bolts to 80-85 in. -lbs. 

Install the P/N 185174 coupling on tne P/N 185140 coupling 
with the internal splined hub of the P/N 185174 coupling 
projecting through the I.D. of the P/N 185140 coupling. 

Use thirty-two P/N 675D4 bolts and thirty-two r/N 185153 
nuts to fasten the two couplings at tne large flange faces. 
Torque the nuts to 435-441 in. -lbs. 

Unless otherwise noted, lubricate parts at assembly with 
MIL-L-23699 oil. 

Cover unit with plastic to protect from contamination while 
awaiting installation into the test rig. 
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QCSEE H^IK REDUCTION GEAR • UTW UNIT 


ASSEMBLY PROCEDURE 
FOR 

L'TW UNr TEST RIG 


DATE : OCT. 3 1 1975 


APPROVALS: 

Design 

Assembly 

Test 

Test Equipment 

Instrumentation 

Project 

POWER SYSTEMS GROUP 
CURTISS-HRIGHT CORPORATION 
W:30-R!DGB, N. J. 
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QCSEE WIN REDUCTION REAR - UTW UNIT 
Assembly Procedure for UTW Test Rig (for Test Rig Operation) 


1.0 Main Housing Sub-Assenbly 

Rig Parts; (Reference LS34822 and Bill of Material No. 212) 


Item 

m. 

Name 

Quanti 

74 

185191 

Bearing (Kaydon) 

1 

5 

185201 

Cyl . Support, Front 

1 

35 

185202 

Brg. Retainer 

1 

A2 

490657 

Intermed. Hsg. & Flange Assy. 

1 

A1 

490661 

Center Hsg. & Support Assy. 

1 

109 

RA0J1205C104 

Bolt, 3/8-/4 X 1-1/4 

54 

112 

RA021205P112 

Bolt, 3/8-14 X 1-3/4 

20 

127 

RA301209C00C 

Lock Washer, 3/8 

54 

222 

2067D970 

Tablock Washer 

10 

70 

185195 

0-Ring, 26.000 I.D. x .139 CS 

1 

219 

RA570809C006 

Dowel Pin, 1/8 O.D. x 3/8 Lg. 

4 

Assembly Fixtures: 




928619-7 

Support Legs (Channel) 

2 


928619-1 

Support Legs (Tubular)-30" 

2 


928619-4 

Support Legs (Tubular)-33 7/8" 

2 



Bolt - 3/4-10 X 2-1/2 

2 



Bolt - 7/16-14 X 2-1/2 

4 



Bolt - 3/4-10 X 1-1/2 

4 



Nut - 3/4-10 

4 


AN960-416 

Washer - 3/4 Bolt Size 

10 



Washer - 7/16 Bolt Size 

4 


Check 
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1.1 Clean all parts thoroughly 

1.2 Raise the P/N 490661 Center Hsg. and Flange Assy, and attach 
channel support legs to base. The hole 28*3/8 inches fror the end 
of the channcT nates with the hole In the outer flange of the base 
on the lifting plate end of the housing. The channels bolt to 
outermost holes in the transverse base tnenbers using the 3/4-10 x 1-1/2 
bolts and 3/4-10 nuts. 

1.3 Attach the two P/N 928619-1 30" long tubular legs to the anti -drive 
end side of the lifting plate using the two 3/4-10 x 2-1/2 bolts 
and two 3/4 plain washers. 

1.4 Attach the two P'N 928619-4 33-7/8 long tubular legs to the drive 
end side of tw: hydraulic cylinder attachment ar-s or the upper 
side of the housing using two 7/16-14 x 2 1/2 belts and two 7/16 
plain washers for each leg. 

1.5 Position housing with axis vertical and anti-drive end down. 

1.6 Assemble P/N 135191 bearing into P/N 185202(ND) bearing retainer. 
Lubricate bearing I.D. with Lubriplate grease and press into 

P/N 185202(ND) bearing retainer (Fit is .0000-. 0C25 tight.^ 

1.7 Install P/N 185195 0-Ring (26.000 I.D. x .139 CS) in the groove 
in P/N 490661 (ND) center housing and support asse-bly. Coat the 
0-Ring surface, and the face of the P/N 490661 center housing 
uMU support assembly that mates with the P/N 185201 (ND) cylinder 
front support with lubriplate grease. 

1.8 Install the P/N 185201 (ND) cylinder front support on the 
P/N 490661 (ND) center housing and support assembly. 

1.9 Coat the P/N 185191 bearing O.D. with Lubriplate grease and install 
the P/N 185202(N0) bearing retainer, with P/N 185191 bearing 
installed, into the P/N 185201 (ND) cylinder front support (Fit is 
.0000-. 0026 loose). 

1.10 Install four P/N RA570809C006 dowels in the P/N 490661 center 
housing and support assembly. 

1.11 Install twenty P/N RA021205P112 bolts and ten P/N 2067D970 
tablock washers to attach the P/N 185202(ND) bearing retainer 
to the P/N 490661 center housing and support assemlly. Leave 
the two holes at the top & two holes at the bottom of the P/N 
490661 center housing and support assembly open for subsequent 
attachment of the P/N 490665 brush block housing bracket assemblies. 
Torque the twenty bolts to 2i.y-iWin.-lbs. 




1.12 

1.13 

l.K 

1.15 


_• i 


Attach the p'N 490657 (NDY^ntemediate housing and flange assembly 
to the P/N 185201 (NO) cylinder front support using fifty-four 
P/h RA0II2O5C104 bolts (3/8-16 x 1-1/4 Lg.) and P/N RA301209C000 
spring lockwashers (3/8 dia. bolt). Torque bolts to 190-210 In. -lbs. 


Checx for free rotation of the P/N 490657(ND) Intermediate housing, 
with P/N 185201 (NO) cylinder front support attached, relative to 
the P/N 490661 (NO) center housing and support assembly. 


Unless otherwise noted lubricate parts at assembly with KIL-L-23699 
oil . 


Cover unit with plastic to protect fror contamination i^ waiting 
for subasserr.bl ies for installation in the test rig. 
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ZTit:«rmediate BaArincs Sub-Assaahlv 


Pig Parts t 

(Rafersnee 

LS34822 and Bill of Material No. 2 

Item. 

LA 

Kane 

45 

185181 

Support, Intermediate Bearing 

73 

185190 

Bearing (SKF Ms. Ttet I CTc/C7*/«5j 

40 

185207 

Spacer, Center Bearing Znnar 

82 

185199 

Shir., Washer 

83 

185186 

Kashar, Have Spring 

60 

1852C0 

Washer, Cuplock (6.6250-12) 

55 

185203 

Kut, Spanner (6.6250-12) 

Note; FA 
N-D 20L21DT 

185206 Spa: 
17A Optiona 

:er. Center Bearing Outer, Iter. 41 
1 


QuAntity Chack 
1 

' 2 
1 
1 
1 
1 
1 


Clean all parts thoroughly. 

Measure width of ?/N 185190 bearings inner races (both bearings), and width 
of FA‘ 185207 center bearing irmer spacer. 


Check 


Measure length of 6.3D0O>6.39^ bore for bearings, spacer and shim washer in 
P/K 185181 support (E/l is 3.066-3.062). 

Measure height of P/N 185186 wave spring VAsher with a 500 lb. load inposed 
axially. 

Subtract sum of measurements of 2.Z. and 2.^ from measuraoent of 2.B above 

Grind thickness of P/K 185199 shim (B/P .21) to the dimension obtained 
in 2.tf above. Remove rAterial free the face opposite the counterbore face. 
Install first P/K 185190 bearing in the P/N 165161 support with the 
outer race counterbore inward, the P/N 185207 spacer, the second PA' 185190 
bearing with the outer race counter bore facing the first bearing, the 
7 Icrl?' shir washer vizr. the c_ur.terbored face contacting the second 
•_f .rir.r r.'.t:: rt-vc, rha ? 'h lc:ii€ wave spring washer, the P ''N 185200 
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cuplock washar, ar.d tha P/K 185203 apannar nut. Tightan tha spannar nut 
using P/N CVI928609 wranch. Crisp tha cuplock waahar into tha spannar nut 
scallops at ona placa. (Tha fit of tha baarings O.D. in tha support X.D. 

is O.OOOIL. - O.OOIXL. ) 

Unlass otharvisa notad lubricata part at assanbly with MIL-L-23699 Oil. 

Cover unit with plastic to protect from contamination if awaiting further 
rig assembly , 
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3>0 Turbin* Input Shaft and tearinQS Sub-Asaaably 

Rig Parta> (R*far*nc* LS34B22 and Bill of Material No. 212 ) 


Item 

P/M 

Nasi* 

Quantity 

44 

185198 

Turbine Input Shaft 

1 

39 

U5223 

Center Bearing Front Spacer 

1 

Para 2. 

0 

Intermediate Bearings Sub-Assanbly 

1 

38 

185212 

Rear Coupling Spacer 

1 

71 

185188 

Bearing. Roller (SKF)-lnn*r Race Only 

1 

5£ 

185216 

Washer. Cur lock 

1 

53 

185205 

Nut. Spanner (3.6250-12) 

1 

52 

185204 

Nut. Spanner (2.9330-12) 

2 

Assembly fixtures: 




CW-928615 

Support ar.d Alignment Plate-Input Shaft 

1 


CW-928611 

Turbine Input Shaft Dunsny Coupling 

1 


Check 


Check 


3.1 Clear, all parts thoroughly. 

J.2 Install P/K CW-926615 support and alignment plat* on the P/N 18S196 
turbine input shaft. The fixture pilots on the input shaft journal 
0.0. (for P/N 185189 ball bearing) with the hub of the fixture 
toward the input shaft shoulder (Ref. LS34822 sheet 4). 


3.3 Install the P/M 185204 spanner nut on the input shaft and tighten to 
retain the P/M CW-928615 fixture (Ref. LS34822 sheet 4). 

3.4 Position the input shaft, with fixture attached, on the 40 K gearbox 
assasibly table with the input end of the shaft down and the fixture 
plate resting on the assesd>ly table. Clanp the fixture plate to the 
assesibly table using "C" clasps. 
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3.5 Znttall tha P/K 165223 center beering front epecer or. the P/!; 185198 
turbine input eheft with the three .067 dienetcr jet holei directed 
e%ny froc the theft shoulder end toward the bearing. 

3.6 Keet the intenediatc bearings end support sub-essenhly, es essembled 
per peregreph 2.C, to 250*r end install on the input shaft end scat 
on the P/t; 185223 spacer (Bearings l.D. to st^ft C.::. fit is 0.0035 
tight - 0.0014 tight). 

3.7 Install the P/K 1S5212 rear coupling spacer vity. the slinger flange 
end tiiree .067 dxencter cil ]et holes directed toward the intermediate 
bearing. 

3.6 Install tr.c 7 T-y Ci*-928£11 turbine input shaft duixr.y ccuilir.c with t.'e 
l.D. counterbored 0 r.d toward the P/N’ 185212 courlinc, 

3.9 Install the P/N 165216 cuplock washer with the two ta.ncs encaging the 
two slots in F/s; 165196 saaft. and install the F/K 165235 scanner nut. 
Tighten the nut snugly using r CK-928606 spanner wrench. Dc not crL-p 
the cuplock washer. 

3.10 Heat the PA' 165168 bearing inner race to 250*F and install tne inner 
race onto the F/N 165198 shaft and seat inner race against the shaft 
shoulder. (Fit is .0001 tiglit - .0014 tight). 

3.11 Install the PA 185204 spanner nut on the PA 185198 input shaft and 
tignten the nut to retain the PA 185186 bearing inner race. 

3.12 Unless otherwise noted lubricate parts at assembly with MIL-D-23699 oil. 

3.13 Cover unit with plastic to protect fron ccntasiination if awaiting 
further rig assembly. 
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Punt i tv Ch<ck 
1 
1 

J 

AuMPbly fixturti 

-- CW-93t6l6 Potitioaur > Center Housing end Turbine 

Input Shaft 1 

Cr.ee- 

4.1 Clean all parts thorou 9 hIy 

4.2 Raisa the input shaft and bearings sub-assembly, as asscobled in 
paragraph 3.0, and invert to have the input end up. Use aye bolts 

thru holes in the P/K 165181 support. 

4.3 Place the CVI-928616 positioner plate or. the 40 K gearbox assembly 

table, centered and clamped to the asset&bly tabic using "C clamps 

4.4 Lower the input shaft and bearings sub-assembly through the CW-928616 
positioner plate and into the 3.8* X.D. tube at the center of the 
assembly table, and with the F/N 165205 spanner nut resting on the top 

face of the assembly table tube. 

4.5 Remove the P/N 185204 spanner nut and P/K CW-926€15 support plate frosi 

;he input end of the P/K 185196 shaft. _____ 

4.6 Assemble P/N 490653 output shaft t.ssembly on the turbine input shaft 
and bearings sub-assembly, as assembled per paragraph 3.0. Align holes 
and attach the P/N 490653 shaft assasdoly to the P/M 185181 intermediate 
bearing support using three P/M RA011205P014 bolts. Tighben the three 
bolts snualv to hold parts in place while handlinc. (The pilot fit betms e r 

the output shaft and the bearina support is 0,0005" loose - 0,0025" loose. _____ 
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4*0 XMpat 8liaft anO front output shaft sub-assestbly 

RAe >8ft8 i (nefarenea L8-344U and Mill of Material Ko. 212) 

L3L 


AlO 490853 
Para. 3.0 — 

— 8A0Jlt0iP014 


Output thaft Aaaes^ly, Front 
TurbliM Input Shafts and Searings 
Svb>Ass«*Xy 
iolt (J/8«38 « 7/8 Lg.) 


[ 


L 




Che zV. 


4.7 Ur.less otherwise noted lubricate parts at assembly with KIL-L-23699 Oil 

4.6 Cover unit with plastic to protect from contamination if awaiting further 
ric asseobly. 
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—".put ar.d Front O-jtput Shafts, and Front Housing Sub-Asseribly . 
r-jg Fartg! (Reference LS-34822 and Bill of Material No. 212) 


Iter. 

PA 

Nair.e 

Quantity 

Para. 

4.0 - 

Input Shaft and Front Output Shaft sub- 




assembly 

1 

.\2 

490658 (NH) 

Front Housing and Fl 2 Uige Assembly 

1 

51 

185204 

Nut, Spanner (2.9330-12) 

1 


Check 


Support and Alignr.sr.t Flate-Ir.put Shaft 1 

Belt (5/16-24 X 1”I/C .-Steel Cenzr..) 4 

Eyebolt (5/8-11' 1 

Cheok 

Hear, all parts thoroughly. 

Install P/N CK-929615 support and aliorjent plate or. shafts and 

bearings sub-assenhly as assembled in paragraph 4.0. F/h CW-928615 

fixture pilots on the input shaft journal C.I. (for F/N 185189 ball 

bearing) with the hub of the fixture toward the input shaft shoulder 


Assenbly Fixtures ; 

CK-926ei5 


Install the ?A 185204 spau;r.er nut on the input shaft and tighten to 
retain the F/K CK-926615 fixture. 

Attach txie P/1.’ 490658 front housing and flange assecibly to the P/N 
CV-928615 fixture with the fixture on the front housing vertical 
centerline (the two )icles in the PA CW-928615 with the closer spacing 
are to be at the bottor. of the P/II 490658 front housing-aligned with 
the oil drain in the P/N 490658 housing) . The P/N CT'?-928615 fixture is 
to attached to the inside face of the PA 490658 housing flange. 

Use the four 5/16-24 x 1" Lc. bolts to attach the PA 490658 housing to 
the PA CW-928615 fixture. 

Install the 5/8-11 eyebolt in the input end of the PA 185198 input 
shaft. 


- 1 - 
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S.e Unless otherwise noted lubricate parts at assembly with MII/-L-23699 Oil 

5.7 Cover unit with plastic to protect from contamination if awaiting further 
rig assembly. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


QC,S^£ A -3 


6.5 Invert this complete sub-assembly such that the P/N 490661 center housing 
is upward . 

6.6 Dnless otherwise noted lubricate paurts at assembly with MZL-L-23699 Oil. 

6.7 Cover unit with plastic to protect from contamination if awaiting further 
rig assembly. 
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Check 
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7,0 Brush Block Bracket and Brusli Block Assembly 

Rig Parts t (Reference LS-34822 and Bill of Material No. 212) 


Item 

PA 

Name 

Quantity 

64 

185192 

Slip Ring and Brush Block Assy. 

1 

103 

RA020805P110 

Bolt (1/4-28 X 1-5/8 Lg.) 

12 

223 

2067D969 

Hasher, Tablock (1/4 Dia. Bolt) 

6 

218 

MS-9804-08 

Screw (8-32 x 5/8 Lg.) 

8 

217 

ESNA-1B02-82 

Nut, Self-Lock (8-32) or SM-1813- 

-82 8 

Para. 6.C 

- 

Main Housing s Shafts Sub-Assy. 

1 

A200 

490665 

Brush Block Bracket Assembly 

2 

112 

RA021205P112 

Bolt (3/8-24 X 1-3/4 Lg.) 

4 

222 

2067D970 

Tablock Washer (3/8 Dia. Bolt) 

2 

Clear, all 

parts thoroughly. 




7.2 Remove the P/N CW-920616 Fixture. 

7.3 Install the slip ring assembly (sub-assembly of P/N 185192) on the 

P/N 185181 bearing support of paragraph 6.0 sub-assembly, and attach the 
slip ring to the P/N 185181 support using twelve PA’ RA020805P110 bolts 
and six F/N 20670969 tablock washers. Torque the bolts to 65-70 in-lbs. 

7.4 Install the two brush block assemblies (sub-assembly of PA 185192) on 
the two PA 490665 brush block bracket assemblies using the eight PA 
MS-9804-08 screws and eight P/N ESNA 1802-82 (or SM-1813-82) nuts. 
Assemble the nuts loosely to allow movement of the brush blocks on the 
brush block brackets. 

7.5 Install the two P/N 490665 brush block housing bracket assemblies, with 
brush block assemblies attached, on the i^per face of the PA 490661 (ND) 
center housing and support assembly using four PA RA021205P112 bolts in 
two holes at the top and two holes at the bottom, plus two PA 2067D970 
tablock washers. Route the strain gage leads from the brush block 
assemblies, along the rear face of the brush block brackets to the P/N 
490661-4 (ND) rear cylinder si^port, circumferentlslly around the support 
from the bottom brush block to join the leads from the top brush block, 
and out through the TA’ 490661-f (Vn) center housing vent boss. 

- 1 - 


Check 


Check 
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Ch«ck 

7.5 (Contiauad) 

Notes Do«««ls in P/N 490661 ••seobly align the P/N 490665 brackets. 

Torque the four P/N RA021205P112 bolts to tJS—ZV in. -lbs. 

Torque the eight P/M ESNA 1802-82 (or SM 1813-62) nuts to 18-20 in. -lbs. 
after adjsisting the brush block contact finger tension. 

7.6 Onleas otherwise noted lubricate the bolts and nuts at assenbly with 

MIL-L-23699 Oil. 


7.7 Cover unit with plastic to protect from contamination if awaiting further 
rig assembly. 


- 2 - 
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8.0 Shield Asseably, Output Shaft Raar Assanbly, Shroud, and Ring Gear 

paduction Gear Hardware i (Reference LS-34B10 and Bill of Material No. 210) 


Item P/N 


Name 


Quantity 


1 


185139 Ring Gear 


1 


Rig Parts : (Reference LS-34B22 and Bill of Material No. 212) 


Iten 


P/N 


Name 


Quantity 


A8 

490664 (ND) 

All 

490654 

30 

185217 

114 

185224 

131 

185226 

224 

2067D971 

Para . 7.0 

- 


Shield Assembly 

Output Shaft Assembly, Rear 

Shroud 

Bolt (1/2-20 X 6" hg) 

Nut a/2-20) 

Washer, Tabloc)c (1/2 Dia. Bolt) 

Main Housing, Shafts, Slip Ring and 
Brush Block-Sub-Assembly 


1 

1 

1 

20 

20 

20 

1 


8.1 Clean all parts thoroughly 


8.2 Tap the P/N 490664(ND) shield assembly into the P/N 490661 (ND) center 

housing assembly and against the output «md flange face, with cone of the 
shield assembly projecting toward the input end and with the offset hole 
in the P/N 490664 shield assembly aligning with the offset hole in the 
P/N 490661 housing assembly. (The fit of the shield O.D. into the 28.750" 
1.0. of the housing is 0.001 loose - 0.001 tight). 


8.3 Install the P/N 185139 ring gear on the P/N 490654 rear output shaft 

assembly with the ring gear up. and the ring gear external splines engaging 
the output shaft internal splines, and the ring gear stop face bottomed on 
the output shaft stop face. Route the ring gear strain gage leads free th-> 
rim of the ring gear through holes between the gear teeth and spline teeth 
and along the inside cone face of the output shaft to a junction near the 
inner end of the inside cone face. 


Chec)c 


Check 


Check 






ChacK 


Install tha P/N 185139 ring gaar and P/N 490654 output shaft sub-assaably 
onto tha P/M 185161 Intaxsadiata baaring support. Insuring that tha offsat 
holas in tha output sha t and tha baaring support align (tha pilot fit ba- 
twaan tha output shaft and tha baaring support is 0.0005"loosa - 0.0025" 
loosa) . Mian installing tha P/N 490654 output shaft onto tha P/M 165161 
baaring support, feed tha strain gage laads from tha slip ring through tha 
two 0.26" Diameter Holes in the output shaft to connect at the junction of 
the ring gear strain gage leads. _ 

Install the P/N 165217 shroud onto the P/N 490654 output shaft, aligning 
the offset holes, and attach the shroud end output shaft to the bearing 
support using twenty P/N 185224 bolts, twenty P/N 185226 nuts, and twenty 
P/N 2067D971 tablock washers (tan on each end of the bolts). Peverse the 
bolts from that shown on LS-34B22 such that the nuts are at the output end. 
Torque the nuts to 2000 - 2100 in. -lbs. After installing two 185224 
bolts, P/N 185226 nuts, and P/N 2067D971 tablock washers remove the three 
P/M RA011205P014 bolts, that were installed for assembly purposes in 
paragraph 4.6 to hold the P/N 490653 shaft assembly to the P/N 185181 
bearing support. 


Unless otherwise noted lubricate the parts at assembly with MIL-1,-23699 
Oil. 


Cover unit with plastic to protect from contamination if awaiting 
further rig assembly. 
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9.0 St«r G««r t Support Aasanbly and Turbina Input Shaft Support Sub-XsaaBbly 

Raduction Gaar Har<Wara t Rig Parts t (Rafaranca 1.8-34622 and Bill of 
Hatarlal No. 212). 


Ztan 


P/N 


Nana 


Quantity Chack 


QCSEC A-1 
107 

Para. 6.0 


RA021 005P100 


Star Gear £ Support Sub-Assembly 1 
Bolt (5/16-24 X 1" Lg.) 4 
Test Rig Sub-Assembly 1 


Assembly Fixture ; 


Item 


P/N 


Name 


Quantity Chec)c 


CW-928617 


Support-Turbine Input Shaft 


Chac)( 


9.1 Clean all parts thoroughly, except where previously cleaned and protected 
in plastic covers. 


9.2 Install P/N CW-928617 turbine input shaft support on P/N 1B5187 pilot ring 
(detail test rig part of the star gear and support sub-assembly) using the 
four P/N RA021005P100 bolts. Lockwashers are not required «'c this stage of 
assembly. Torque the four bolts to 120-130 in-lbs. 


9.3 Lower the star gear and support assembly^ with the CW-928617 support attached^ 
into the test rig sub-assembly, engaging the gear teeth of the P/N 1651S7 
star gears with the gear teeth of the P/N 185139 ring gear, and continue to 
lower until the P/N CW-926617 support seats on the rear end face at the P/N 
165198 Input shaft. 


- 1 - 


C-19 




Ch«ck 

9.4 Rot«t« tha star gaar and support aiaanbly to position ths No. 1 trunnion 
(Saa QCSEX A-1 Pjxa. 2.3 for location of trunnion idantification nunbars) 
at tha top (12 o'clock) position of tha tast rig, as idantifiad by tha 

off sat holas in tha support and pilot ring. _____ 

9.5 Unlass otharvisa notad l\ibricata tha parts at assaably with HXL«L-23699 

Oil. 


9.6 Covar unit with plastic to protact from contamination if awaiting further 
rig Assambly. 





10.0 RMr Output Shaft Shroud, Scraan Aaaaably, and Raar ■ouslag and rianga Asaaadily 
Rig Partai (Raf aranca LS-34B22 and Bill of Natarial Mo. 212) . 


Itaa 

P/N 

Msm 

Quantity 

48 

185171 

Shroud, Output Shaft 

1 

115 

684-D-107 

Bolt, 12 Pt. Ud. (1/4-28 s 3/4 bg. 

) 24 

- GB P/M40m01-8S2fp2 

Scraan Aasasdily 

1 

- GE P/M 

4013101-907 

Support, Scraan 

1 

- GE P/N J644 PllE 

Bolt (1/4-26 X 7/8 X^g.) 

24 

- GE P/M J979 P04D 

Nut (1/4) 

24 

A4 

490662 (NO) 

Raar Housing & Planga Assy. 

1 

106 

609-D-2 

Bolt (5/16-24 X 1-7/6 Ig.) 

70 

126 

RA301009C000 

Nashar, Lock, Spring 

70 

113 

RA011205P200 

Bolt (3/6-16 X 2” Lg.) 

50 

130 

RO7512O5C000 

Nut (3/6-16) 

54 

127 

RA3O12O9CO00 

Hsshar, Lock, Spring (3/8) 

108 

Para. 9.0 

- 

Tast Rig Subassaably 

1 

111 

RA011205C112 

Bolt (3/8-16 X 1-3/4 Lg.) 

4 


Chack 

10.1 Claan all parts thoroughly . 

10.2 Install P/N 185171 shroud onto P/N 490654 output shaft using twanty-four 

P/N 684-D-107 Bolts. Torqus bolts to 65-70 in. -lbs. ____ 

10.3 Install tha CE P/N 4013101-852602 scraan assanbly onto tha GB P/M 
4013101-907 scraan support. Usa tt«anty-four GC P/M J644 Pile bolts and 
twanty-four GE P/M J979P04O nuts to attach tha scraan to tha support. 

Torqua tha bolts to 65-70 in. -lbs. ____ 


- 1 - 
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10.4 XnstAll tha aerMn and nipport aubaai— hly ot paragrapit 10.3 abova into 
tha P/M 490463 (MD) raar hoaaiog aaaaaibly, aligning tha offaat holaa in 
tha axtpport and in tha taouaing. and tapping tha support into tha 22.000" 
Z.D. and tha aeraan into tha 20.000* Z.O. of tha P/M 490662 (M)) hwiatng 
(fit ia 0.001* looaa - 0.001* tight at both diaaatara). 


10.5 Znatall tha P/M 490662 (NO) raar housing, with tha aeraan and ai^pport 

attachad, onto tha P/M 105107 (MD) pilot ring, aligning tha offaat holaa 
in tha housing and pilot ring, and into tha P/M 490664 shiald asaaably 
and against tha raar and flanga faea, and aligning tha offaat holas in 
tha housing and tha shiald (Tha fit of tha housing pilot O.D. into the 
20.375" Z.D. of tha shiald is 0.001* loosa-0.001* tight). Osa savanty 
P/N 609-D-2 bolts and savanty PA RA301009C00C spring loekwashars to 
attach tha PA 490662 (MD) raar housing, with tha scraan and aupport, 
to tha P/N 105167 (KD) pilot ring and tha atar gaar aupport. Torqua tha 
bolts to 170>190 in. -lbs. Use fifty PA RA011205P300 bolts, four PA 
0A01120SC112 bolts, fifty-four PA RD751205C000 nuts, and ona hundrad- 
aight PA RA301209C000 spring lock washars to attach the PA 490662 (MD) 
raar bousing to tha PA 490664 shroud and PA 490661 (ID) cantar housing. 
Torqua tha nuts to 190-210 in. -lbs. Tha four PA KA011205C112 bolts ara 
usad at tha botton four holas with tha bolta ravarsad such that tha nuta 
ara toward tha raar as shown ia saction H-H of LS-34622. 


10.6 Dnlass otharwisa noted lubricate tha parts at assaably with MZI,-I,-23699 
Oil. 


10.7 Cover unit with plastic to protect tram eontasdnation if awaiting further 
rig assenbly. 
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11*0 fun gmx Aataably qj[< POOR QUALXPi 

Rit >Mrf I (ltef«r«nM U-Mt22 and till of lUtorial Mo. 212, 

U*)4tl0 and Mill of Natarial Ho. 210, and gcsZE M-2) 

^tan R/K Haoa Quantity 

QCSEC A-2 - OTW Sun Goar Subaaaoobly 1 

Sara. 10.0 - Toat Rig Subaaaoobly 1 

Aaa—bly Fiaturoi 
. - CV-928620 

- CM-928606 

11.1 Claan all parta thoroughly 

11.2 Raaova tha four P/N RA021005P100 bolta and tho P/N CM-928617 turbina 
input ahaft aupport fron P/N 185187 pilot ring, raar. 

11.3 Haaova tha P/K 185205 apannar nut uaing P/M CM-928606 apannar manch 
and tha P/K CW-928620 laaobiliaar on tha input and of tha input ahaft 
if nacaaaary. Raatova tha P/N 185216 cuplock waahar and r/M CH-928611 
turbina input ahaft duany coupling. 

11.4 Xnatall tho aun gaar aubaaaaahly, froai QCSEE A-2, on tha input ahaft 
raar and, engaging tito aun gaar taath and tha atar gaar taath and aoating 
tha P/N 185174 coupling againnt tha P/N 185212 raar coupling apacor. 

11.5 Install tho P/K 185216 cuplock waahar with tha two tanga angaging tha 
two slota in P/K 185198 ahaft. Xnatall tha P/M 105205 apannar nut and 
tightan uaing P/N CH-928606 apannar wranch and P/N CW-920620 iaaobilisar 
on tha input and of P/M 185190 ahaft. Engage tha kay of tha iMobiliaar 
in tha kay slot of tha ahaft, and usa a bar through tha 7/0" hole to 
iMobiliaa the shaft whan tightening tha spanner nut. Crimp Uia cuplock 
washer into one scallap of tho spanner nut. 


iMohilisor-Test Rig Input Shaft 1 

Spanner Hroneh 1 
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Chack 


Check 
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11.6 


11.7 


11.8 


loosen the P/N 185204 spanner nut that is retaining the P/M CW-928615 
support and alignaent plate at the input end of the P/K 165198 shaft, 
and using the P/N CW-926606 spanner wrench and isaaobilising the 
P/M 185173 (ND) output front shaft, check for backlash in the rear 
gearing. Retighten PA 185204 spanner nut. 


Check 


Unless otherwise noted lubricate the parts at asseably with MIL~L-23699 
Oil. 


Cover unit with plastic to protect froc contacinatior. if awaiting further 
rig assembly. 
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12.0 to«r End Housing ar.d Flang* Xssnobly, End Housing Bsaring Support, and 
Input Shaft Rear Bearing 


Rig Parts i (Reference LS- 34822 and Bill of Material Ko. 212) 


Item 

P/N 

Kaiae 

Quantity 

AS 

490655 (KS) 

End Housing and Flange Assy. 

1 

47 

185177 

End Housing Bearing Support 

1 

71 

185188 

Roller Bearing (SKF-Outer Race, 
Rcllers and Cage Assy. 

1 

59 

185218 

Washer, Cuploc)c (5.2093-12) 

1 

54 

185178 

Sue, Spanner (5.2093-12) 

1 

105 

RA021005F010 

Belt (5/16-24 X 5/8 Eg.) 

12 

63 

2067D966 

Washer, 7abloc)( (5/16 Dia. Belt) 

6 

107 

RA021005F100 

Belt (5/16-24 X I" Eg.) 

30 

126 

RA301009C000 

Washer, Spring Eoc)^ (5/16) 

30 

66 

185194 

(1.171 I.D. X .116 CS) 

2 

79 

RD593209P000 

Cnicn, Eydr. (37®Flare, Tube 
C.D. 3/6) 

2 

65 

185193 

C-=U-te (.468 I.D. x .076 CS) 

1 

76 

RD591209POOO 

C.Z. 3/6) 

1 

67 

MS-9385-127 

0-?hng (1.424 I.D. x .103 CS) 

1 

77 

MS20760-20 

Adapter, Straight 

1 

102 

RA020805C012 

Belt (1/4-28 X 3/4 Eg.) 

4 

125 

RA300809C000 

Washer, Spring Eoc)( (1/4) 

6 

23 

185214 

Connector 

1 

62 

185206 

Gasket .. Connector 

1 

101 

RA020805C010 

Bolt (1/4-28 X 5/8 Eg.) 

2 

Para 11.0 

- 

Test Rig Subassembly 

1 

57 

185215 

Hasher, (h«>lock (2.9330-12) 

1 

52 

185204 

Hut, Spanner (2.9330-12) 

1 

SK-66 /5 

498667 

Connector Ascembly, Engine Oil Flow 
Simulation Orifice 1 

SK-6675 

56 m 4 

0-?dr.g 

1 


Chec)c 
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QCSEE A-3 

I ten 

PA 

Kruae 

2ty. Check 


4013179- 

783GC1 

Oil Swop (G.E. Supplied) 

1 

95 

185231 

Gas)cet-Rear Housing Adapter 

1 

IOC 

RA020805P008 

Bolt (1/4-28 X 1/2 Lg) 

22 

125 

M3oobok;ooo 

Masher* lock. Spring (1/4) 

22 

Reducti on 

Gear Hardware 

(Reference LS 34810 and Bill of 
Ko. 210). 

Material 

Item 

PA 

Name 

ity. Chec)c 

A4 

490639 

Oil Supply Tube 

1 

11 

MS -9388-022 

O-Ring 

3 

Assembly Fixtures: 



Iten 

PA 

Name 

2tv. Check 

- 

CW-928607 

Krench-Spanner Nut 


- 

CW-92662C 

Input Shaft Immobilizer 

1 

- 

CW-928606 

Wrench-Spanner Nut 

1 

- 

CW-926616 

Support-Turbine Input Shaft 
at Cover 

■ 1 

- 

- 

Bolt (5/16-24 X 1-1/8 Lc. Comm 

. Steel) 6 


12.1 Clean all parts thoroughly 

12.2 Lubricate the P/K 185177 Bearing Support O.D. with Lubriplate and 
press the support into the P/N 490655 (ND) end housing assembly, 
insuring that the attaching holes in the flange of the support align 
with those in the end housing and seating the support flange against 
the end housing face (the support fit in the end housing is 0.001 
loose - 0.001 tight). 

12.3 Install the twelve P/K RA021005-P010 bolts and six PA' 20670968 
tabloc)c washers to attach the bearing support to the end housing. 
Torque the bolts to 120-130 in. -lbs. 

12.4 Lubricate the P/K 185188 bearing outer race O.D. with Lubriplate and 
press the beeuring outer race w’ith roller and ca^ge assembly into the 
P/K 185177 bearing sx^port, seating the outer race against the 
support flange. (the bearing outer race fit in the support is 
C.o:04 loose - c.0::i tight). 
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QCSEE A-3 


Check 


12.11 Install the PA' 185193 O-Ring or. the P/N RD591209P000 union, 
luhricetlng the O-Rinc with Lubriplate, and install the union into 
the P/N 490665 (tC) end housing. 

12.12 lurricate the P/N KS-9388-127 O-Ring with Lubriplate and install in 
the groove in the flange face of PA 490655-4 (ND) adapter extension 
(part of PA 490655 end housing and flange Assaobly) . Install the 
PA' y.=-2C760-20 straight adapter on the adapter extension using four 
EAC20605C012 bolts and four P/N RA300809C000 spring lock mshers. 

Tcrrue the bolts to 65-70 in. -lbs. 

11.13 Install the P/i; 165214 connector o.n the PA 185167 pilot ring using 
cr.e ?/:; 185206 gasket, two P/N RA020805C010 bolts, and two 

r =.i.300609c000 spring lock washers. Torque the bolts to 65-70 in. -lbs. 

11.14 Install tiie F/N 490667 con.nector assembly, with FA 561C14 O-Ring, into 
the 3 'C 490662 (ND) rear housing (Reference SK-6675) . Lubricate the 
C-rhng with Lubriplate prior to installation. 

12.15 Install the F/N RD5532O9POO0 hydraulic union, with P/N 185194 O-Ring, 
ir.tc the P/N 490661 (!<D) center housing. Lubricate the ORing with 
Lubriplate prior tc installation. 

12.16 Install the PA CK-928618 support on the PA 490655 end housing 
using six 5/16-24 x 1-1/8 Lg. comncrcial steel bolts. Torque the bolts 
to 121—130 in. -lbs. 

12.17 Install the PA 4013179-783G01 oil sump (G.E. supplied) with P/N 
185231 gasket on the PA* 490655 (ND) rear end housing using twenty-two 
FA RA020805PJ08 bolts and twenty-two P/N RA3OO8O9C0OO spring lock 

washers. Torque the bolts to 65-70 in. -lbs. 

12.15 Unless otherwise specified lubricate all parts with HXL-L-23699 Oil. 

12.19 Cover all external openings with plastic caps/cardboard/tape as 
applicable. 


/ 


QCSEE A- 3 

Ch»cA 

12.20 Invert the test rig subassembly to have the input end of the P/N 185196 

ir^nit shaft up. ______ 

12.21 Cover unit with plastic to protect from conta^nation if awaiting 

further rig assembly. 
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13.0 Ring Star Gaar and Support Subassaably. and Front OOtpot Shaft Shroud 

RaductiCB Gaar Hardwara and Rig Parts (Rafarance LS34#io and Bill of 
Matarial No. 210) . 


Item 

P/N 

Name 

Quantity 

Check 

1 

185139 

t 

Ring OBar 

1 


QCSEE A-1 
Rig Parts 

Star Gear t Support Subassembly 
: (Reference L5-34822 and Bill of Material No. 212) 

1 


Item 

P/N 

Name 

Quantity 

Check 

48 

185171 

Shroud , Output Shaft 

1 


115 

684D107 

Bolt, 12 Pt. Hd. (1/4-28 x 3/4 Lg) 

24 


Para 12.0 
Aseembly 

Fixtures : 

Test Rig Subassembly 

1 


Item 

P/N 

Name 

Quantity 

Check 

. 

CW-928617 

Support-Turbine Input Shaft 

1 


107 

RA021005P100 

Bolt (5/16-24 X 1" Lg.) 

4 



13.1 Clean all parts thoroughly. 

13.2 Remove the four P/ti RA011205C108 bolts and four RD751205C000 nuts 
attaching the front housing to the intermediate housing. Remove the four 
5/16-24 X 1" Lg. bolts attaching the support and alignment plate to the 
front bousing. Remove the P/N 490658 front housing assembly. 

13.3 Remove the P/N 185204 spanner nut. 

13.4 Remove the P/N CW-928615 support and alignsient plate from the input 
shaft. 


- 1 - 
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Check 


13.5 Install the P/M 165139 ring geer on the P/N 490653 front output shaft 
asseably with the ring ge«r up, and the ring gear external splines 
engaging the output shaft internal splines, and the ring gear stop face 
twttooed on the output shaft stop face. 

13.6 Install P/K CW-928617 turbine input shaft support on P/M 165187 pilot 
ring (detail test rig part of the star gear and svpport subassembly) 
using the four P/M RA021005P100 bolts. L<oc)cwashers are not required at 
this stage of assembly. Torque the four bolts to 120-130 in-lbs. 

13.7 Lower the star gear and support assembly, with the CW-926617 support 
attached, into the test rig subassembly, engaging the gear teeth of the 
P/K 185157 star gears with the gear teeth of the P/K 185139 ring gear, 
and continue to lower until the P/N CW-928617 support seats on the 
shoulder face of the P/N 185198 input shaft. 


13.6 Rotate the star gear and support assembly to position the No. 1 

trunnion (See QCSEE A-1 Para. 2.3 for location of trunnion identification 
numbers) at the top (12 o'clock) position of the test rig, as identified 
by the offset holes in the support and pilot ring. 


13.9 Install P/N 185171 shroud onto P/M 490653 output shaft using twenty- 
four P/N 684D107 bolts. Torque the bolts to 65-70 in. -lbs. 


13.10 Unless 'Otherwise noted lubricate the parts with HlL-L-23699 Oil. 

13.11 Cover unit with plastic to protect from contamination if awaiting 
further rig assembl/. 


- 2 - 
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14.1 

14.2 


14. 

14. 

14. 


rront Housing and Flangr. Asaambly 
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Rig Parts: (Raferance LS-34822 *nd Bill of Matarial Mo. 212) 


> 1-3 


Iter 




Name 


Quantity Chac)c 


A-3 

108 

126 

lie 

130 

127 

Para 13.0 


490658 (!C) 
60902 

RA301009C000 

RA0112052108 

RD751205COOO 

RA301209C000 


Front Housing £ Flanga Assy. 
Bolt (5/16-24 X 1-7/8 Lg.) 
Washar, Lock, Spring (5/16) 
Bolt (3/8-16 X 1-1/2 Lg.) 
Nut (3/8-lC' 

Nashar, Lock, Spring (3/8) 
Test Rig Subassanbly 


1 

70 

70 

54 

54 

108 

1 


Clean all parts thoroughly. 


Install the FA' 490658 front housing onto the PA' 185187 pilot ring and 
the FA 490657 intermediate housing, aligning the offset holes of the 
FA 490658 housing with those of the PA 185187 pilot ring and the F/N 
490657 housing. Use the seventy PA 609D2 bolts and seventy PA 
KA3010O9CO00 springlock washers to attach the PA 490658 front housing 
to the P/N 185187 pilot ring and the star gear support. Torque the bolts 
to 170-190 in. -lbs. Use fifty-four PA RA011205C108 belts, fifty-four 
F/K RD751205COOO nuts, and one-hundred-eight PA RA3O13O9COO0 spring lock 
washers to attach the P/N 490658 front housing to the P/N 490657 inter- 
mediate housing. Four of the PA RA011205C108 bolts at the bottom center- 
line are to be assembled reversed as shown on LP.-34822, Sheet 1 and 
Section H-H reference. Torque the nuts to 190-21C in. -lbs. 


Remove the four PA RA021005P100 bolts and the PA CW-928617 turbine 
input shaft support. 


; Unless otherwise noted lubricate tiie parts at assembly with MIL-L-23699 
Oil. 


Cover unit with plastic to protect fror. contamination if awaiting 
i'jrt.'.sr r.g isserhiy. 
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15.0 Sun Gaar Aaseobly 

Induction G«ar Hardware t Rig Parta t (R*f«r«ncft LS-34822 and Bill of 
Material Mo. 212 ) . 


Item 


Name 

Quantity 

;>CSE£ A-2 

- 

UTW Sun Gear Subasaeably 

1 

Para 14.0 

- 

Test Pug Subassembly 

1 

94 

185219 

Spacer - Coupling 

1 

58 

185216 

Washer, Cuplock (3.6250-12) 

1 

53 

184205 

Nut, Sparjier (3.6250-12) 

1 

"202 

185226 

Ortman-Miiler 
Model C2-: 
185228 

Cylinder, Oil (3** Bore, 1500 psi) 


_203 

Or tman -.Mi Her 

Clevis - Rod (3" Bore) 

1 

204 

185227 

Plate-Eye 

1 

205 

Ortman-Miiler 

Fin, Straight (3/4 O.D. x 2.734 



525.60-2 

Lg) & Ret. Rings 

1 

206 

Ortna.n-Miller 

Pin, Straight (7/8 O.D. x 2.438 Lg.) 


525.61.2 

& 2 Ret. Rings 

1 

211 

MS-51975-32 

Screw, Shoulder (1/2 Die. shoulder 
3/8-16 X 1.75 LG.) 2 

212 

Asseobly 

MacLean-Fogg 
22 EFJ 3816 

Fixture: 

Nut, small flange (3/8-16) 
Dr.i-Torque Lock 

2 

Iter. 

P/M 

Name 

Quantity 

- 

CW-928620 

TsDobilizcr-Test Rig Input Shaft 

1 


CW-928606 

Spanner Wrench 

1 


Chack 


Check 


Check 


15.1 


Clear, all parts thoroughly 




15.2 


15.3 


15.4 


15.5 


15.6 


15.7 


15.8 


ORIGINAL PAGE IS 
OF POOR QUALITY 

Icstall P/IJ 165227 eye plate on the P/N 490^61 (ND) center housing 

and support assembly using tvo P/S KS-51975-32 shoulder screws and two 
P/N 22 sro 3816 nuts. Torque the nuts to 190-210 in. -lbs. 

Install the P/N 185228 cylinder to the P/N 165227 eye plate using the 
P/N 525.60-2 straight pin with retaining rings on each end. 

Install the ..P/N 185228 Clevis Rod to the P/N 185 201 (ND) front cylinder 
support using the PA' 525.61-2 straight pin with retaining rings on each 
end . 


Using shop air pressure retract the PA 185228 hydraulic cylinder to the 
full retract position. 


Install the PA 185219 ccupiino spacer on the PA 185198 input shaft with 
the 0.045 dia. oil jet hole directed forward toward the sun gear assembly. 


Using the PA CW-928620 Imnobilizer on the input end of the input shaft, 
rotate the input shaft CCw (as viewed from the input end) , and a*- the seune 
time rotate the star gear CCK (as viewed from the input end) , with access 
through the oil drain hole at the bottom of the PA 490658 (ND) front 
housing, to ta)ce ou*^ the backlash in the front and rear gearing. 


Install the sun gear subassembly, from QCSEE A-2, on the input shaft front 
end, engaging first the PA 18517-1 coupling to PA 185198 input shaft 
spline teeth, and then the sun gear to star gear teeth, and seating the 
PA 185174 coupling against the PA 185219 coupling spacer. It may be 
necessary to re-position the coupling splines on the shaft splines a number 
of times to find the position where the sun gear and star gears will engage 
fully and easily. The direction of re-indexing of the splines will depend 
upon the direction of mis-match of the gear teeth. If unable to engage the 
gear teeth, energize the hydraulic cylinder using shop air pressure and 
extend the cylinder in increments to a maximum of 1" from full retract. 
Repeat the above procedure to engage the gear teeth. 
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Chtek 

15.9 Install th« P/N 185216 cuplock washar and P/M 185205 spannar nut on tha 
Input shaft front ahd. Tightan tha spannar nut using P/N Ctf-926ii06 spannar 
wranch and P/K CW-928620 iSBObilisar on tha input and of tha input shaft. 

Criiq> tha cuplock vashar into ona scallop of tha spannar nut. 

15.10 Unless otharwisa noted lubricate tha parts at assanbly with MZL-L-23699 

Oil. 

15.11 Cover unit with plastic to protect from contamination if awaiting 

further ric assembly. 



A-Z 


16.0 Front End Housing and Flsngt Xssanbly, End Housing tearing Support, Input 
Shaft Front tearing. Front Housing and Noasla As'iasibly, Front Housing and 
Saal Assanbly, and tear Covar and Nozsla tesaisbly. 


Rig Parts t 
Itaa 

(Rafaranca LS>34822 
P/N 

and Hill of tistarial No. 212) 

Nana 

Duantity Check 

AS 

490655 (ND) 

End Housing S Flanga Assy. 

1 

47 

185177 

End Housing tearing Support 

1 

72 

185189 

Baaring, tell. Radial (SKF 6215) 

1 

S9 

185218 

Washar, Cuploc)c (5.2093-12) 

1 

54 

185178 

Nut, Spanner (5.2093-12) 

1 

105 

RA021005P010 

Bolt (5/16-24 X 5/8 Lg.) 

12 

63 

2067D968 

Washer, Tabloc)i (5/16 Oia. bolt) 

6 

107 

RA021005P100 

Bolt (5/1 j-24 X 1" Lg.) 

30 

126 

RA301009COOO 

Washer,, spring Loc)c (5/16) 

30 

66 

185194 

0-Ring (1.171 I.D. x .116 CS) 

1 

79 

RD593209P000 

Union, Hydr. (37* Flare, Tube O.D. 3/8) 

1 

65 

185193 

0-Ring (.468 I.D. x .078 CS) 

1 

78 

RO591209P000 

Union, Hydr. (37* Flare, Tuba O.D. 3/8) 

1 

67 

ME-9388-127 

0-Ring (1.424 I.D. x .103 CS) 

1 

77 

MS-20760-20 

Adapter, Straight 

1 

102 

RA020805C012 

Belt (1/4-28 X 3/4 Lg. ) 

4 

125 

RA300809C000 

Washar, Spring Jjock (1/4) 

6 

23 

185214 

Connector 

1 

62 

185206 

Gas)(et, Connector 

1 

101 

RA020805C010 

Bolt (1/4-28 X 5/8 Lg.) 

2 

57 

185215 

Washer, C iploclc (2.9330-12) 

1 

52 

185204 

Nut, Spanner (2.9330-12) 

1 

A9 

490652 

Front Housing a Nozzle Assy. 

1 

68 

MS-9388-250 

0-Ring (4.984 I.D. x .139 CS) 

2 

69 

M5-9388-251 

O-Ring (5.109 X.D. x .139 CS) 

2 

A400 

490666 

Housing a Seal Asry. -Front 

1 

106 

RA021005C014 

Bolt (5/16-24 X 7/e Lg.) 

12 

126 

RA3010O9C000 

Washer, Loc)c, Spr. (5/16) 

12 

36 

185221 

Ring, Retaining, Oil 

1 

80 

18522P 

Ring, tetaining (Spirolox RR-125) 

1 
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Iter 

L2i 

Maiae 

rty. 

A6 

4906S1 

Covar 4 Nozzla Assy. -Rear 

1 

37 

185222 

AdaptaZf Oil Transfer 

1 

100 

AA020B05P006 

Bolt (1/4-28 X 1/2 Lg.) 

2 

123 

2067D960 

Hasher, Tablock (1/4) 

2 

Para. 15.0 

- 

Test Rig Subassembly 

1 

31 

165210 

Adapter, Oil Drain 

1 

61 

185211 

Gasket, Front Housing Adapter 

1 

104 

RA020805C112 

Bolt (1/4-28 X 1-3/4 Lg.) 

12 

125 

RA3O08O9C0O0 

Hasher, Spring Lock (1/4) 

12 

Reduction 

Gear Hardware 

(Reference LS-34610 and Bill of Material 
No. 210) . 


Itec 


Name 

2ty. 

A4 

490639 

Oil Supply Tube 

1 

n 

Aascably l 

MS-9366-022 
Fixtures : 

O-Ring 

3 

■Iter. 

r/N 

Naitie 

Cty. 

- 

CM-928614 

Krenrh-Spanner Nut 

1 

- 

CVi-928608 

Wrench-Spanner Nut 

1 

- 

CW-928607 

Wrench-Spanner Nut 

1 


16.1 Clean all parts thoroughly 


10. 2 Lubricate the P/K 185177 bearing support O.D. with Lubriplate and press 
'he support into the F/K 490655 (ND) end housing assembly, insuring that 
the attaching holes in the flange of the support align with those in the 
end housing, and seating the support flange against the end housinc face 
(The support fit in the end housing is 0.001 loose - 0.001 tight). 

16.3 Install the tvfclve P/N RA021005P010 bolts and six P/N 2067C968 tablock 
washers tc attach the bearing support to the end housing. Terque the 
bolts to 120-130 in. -lbs. 


16.4 Lubricate the P/N 185189 bearing outer race O.D. with Lubriplate and 
tress the bearing i.-.to trie FA' 185177 bearing suv:pcrt, seating the 
CTJter rare against the support flange. (The bearing outer race fit in 
th- supprrt is c.c::: - tight'. 
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16. 4. • Install thrM P/N KS-93t6-012 O-Rlng* on P/N 490639 oil tup^ly tub*, 

lubricating O-King* with Lubriplat*. Insert th* flanged and cf the tub* 
into opening in oil Mnifold Attached to atar gear support. Do not us* 
764D107 bolts and 2067D960 tablocks as shown on drawing LS-34610. Tub* 
is to b* free and is retainad by Bodified P/N MS-20760>2n adapter 
(SB* U.U). 
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Check 


16.5 Install the housing end bearing sub-essenbly of paragraph 16.4 onto 
the PA 185187 pilot ring -r. the test rig sub-asseirily of paragraph 15.0, 
engaging the bearlsc inner race X.D. with the input shaft bearing journal 
O.D. (The bearing inner race fit on the input shaft is 0.0006 loose - 
0.0002 tight), inserting the PA 490639 oil supply tube through the PA 
4906SS«4 (KD) adapter extension (part of PA 493655 end housing and flange 
assembly), and aligning the offset hole of the FA 490655 (ND) end housing 
with the offset hole of the PA 185187 (I®) pilot ring (The fit of the PA 
490655 (KD) end housing O.D. to the PA 18516T (tC) pilot ring l.D. is 
0.001" loose - 0.001" tight). 

KOTE ; Insxxre that nc bending strain is exerted or. the F /!» 490639 oil 
supply tiibe when installing and aligning the FA 490655 end 
housing assechly. 

16.6 Install the thirty F/K RA021005P100 bolts and thirty FA KA301009C000 
spring lock washers to attach the end housing tc the pilot ring. Torque 
the bolts to 120-130 in. -lbs. 

16.7 Install the PA 185215 cuplock washer and PA 185204 spanner nut on the 
input shaft to retain the P/N 185189 bearing inner race. Snug the nut 
using FA CVf-928614 spanner wrench sufficiently to fully seat the PA 
185189 bearing inner race against the shoulder of the input shaft. 

Remove the six 5/16-24 x 1-1/8 Lg. bolts and the PA CK-928618 support 
from the FA 490655 (KD) rear end housing. Using the FA CW-928607 spanner 
wrench to imobilize the input shaft at the FA 185204 spanner nut at the 
rear end of the input shaft, tighten the PA 185204 spanner nut at the 
front enti v' Uie input shaft using F/N CW-928614 spanner wrench. Crimp 
the PA 185215 c\q>lock washer into one scallop of the PA 185204 spanner 
nut. 

16.8 Install the PA 185218 cuplock washer and PA 185178 spanner nut on the 
PA 185177 support tc retain the PA 185189 bearing outer race. Tighten 
the nut using PA Of-928606 spemner «rrench. Crimp the FA 185218 cuplock 
washer into one scallcp of the F/K 185178 spanner nut. 


L 
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16.9 Lubricate the PA K£-938e-251 end MS-938B-250 O-rings with Lubrlplete end 
Instell in the two grooves of PA 490652 oil transfer housing asseablyi 
the KS-938B-251 O-ring in the larger O.D. (front) groove, and the HS-9388-250 
0-ring in the Bailer O.D. (rear) groove. Install the PA 490652 housing 
assembly, with O-rlngs, into the PA 490655 (ND) front end housing assy., 
indexing such that the PA 490652-1 (ND) nozzles are at the tor and the 
bottoc. 


16. 1C Install the FA 490666 front main bearing oil seal and retainer assy, 
into the PA 493652 oil transfer housing (the fit of the oil seal 
retainer O.D. to the oil transfer housing I.D. is 0.001" loose - 0.003" 
loose), and attach the oil seal and retainer assembly and the oil transfer 
housing assembly to the PA 490655 (ND) front end housing assembly using 
six FA RA021005C014 bolts and six PA RA3O1009CO00 springlock washers. 
Torque the bolts to 120-130 in. -lbs. 


16.11 Install the PA 185221 oil retaining ring and the FA 165220 Spirolox 
retaining ring into the FA 165198 input shaft rear end Z.Z. 


16.12 Assemble the FA 18E222 oil transfer adapter onto the FA 490651 cover 
and nozzle assembly using two PA RA020805P006 bolts and two PA 
2067D960 tablock washers. Torque the bolts to 65-70 in.-Ubs. 


16.13 Lubricate the PA KS-9388-251 and MS-9388-250 O-rings with Lubriplate 

and install in the grooves of PA 490651 cover and nozzle assembly} the 
MS-9388-251 O-ring in the larger O.D. (rear) groove, and the MS-9388-250 
0-ring in the smaller O.D. (front) groove. Install the PA 490651 cover 
assembly, with O-rings and oil transfer adapter, into the PA 490655 (ND) 
rear end housing assembly, indexing such that the PA 490651-1 (ND) 
nozzles are at the top and the bottom. Attach the PA 490651 cover assy, 
to the PA 490655 (ND) rear end housing using six PA 8A021005C014 bolts 
and six PA RA301OO9CO0O springlock washers. Torque the bolts to 120-130 
in. -lbs. 
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16.14 Install tha PA* 185194 0-Ring on the PA RD593209P000 union, lubricating 
the O-Ring with Lubriplate, and install the union into the PA 490665 (ND) 
front end housing. 

16.15 Xnst^ V. the PA 185193 O-ring on the PA RD591209POOO union, lubricating 
the ^ring with Lubriplate, and install the union into the PA 490665 (ND) 
front end housing. 

16.16 Lubricate the PA KS-938E-127 0-ri.ng with Lubriplate and install in the 
groove in the flange face’ of FA 490655-4 iND) adapter extension (part of 
PA 490655 front end housing and flange assy.). Install the FA 
KS-20760-20 Straight adapter on the adapter extension using fovir PA 
RA020805C012 boles and four PA PA3008O9C00O springlock washers. Torque 
the bolts to 65-7C in. -Lbs. 

16.17 Install the PA 1B5214 cornector on the PA 185187 pilot ring using one 
FA 185206 gas)cet, two FA RA020805C010 bolts, and two FA RP.300809C000 
springlock washers. Torque the bolts to 65-70 in. -lbs. 

16.18 Install the FA 185210 oil drain adapter with PA 185211 gasket on the 
FA 490655 (KD) front end housing using twelve PA RA020805C112 bolts and 
twelve P/K RA3O0809CO0C springlock washers. Torque the bolts to 65-70 
in. -lbs. 

16.19 Unless otherwise specified lubricate all parts at assembly with 
KIL-L-23699 Oil. 

16.20 Cover all external openings with plastic caps/cardboard/tape as 
applicable. 

16.21 Cover unit with plastic to protect from contamination if avraiting 
further rig assembly. 


Check 
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QCSET A-3 


17.0 


17.1 

17.2 

17.3 

17.4 


Hydraulic Loadinc C>'linders and Input Shaft Drive Coupling 
Rig Parts > (Raferanca LS-34622 and Bill of Hatarial No. 212) 


I teg. 

P/K 

Nana 

Qty. 

Para 16.0 

- 

Test Rig Sub-assembly 

1 

202 

1BE22E 

Ortaar.-yJ-ller 
Model SH 

Cylinder « Oil (3" bore, 
1500 psi) 

5 

203 

185226 

Or tear. -Miller 

Clevis-Rod (3” bore) 


204 

185227 

Plate-Eye 

5 

205 

Ortnan -Killer 
525.62-2 

Pin, Straight (3/4 O.D. x 
2.734 Lg.) £ 2 Ret. Rings 

5 

206 

Ortcan-.Killer 

525.61-2 

Fin, Straight (7/8 O.D. x 
2.418 lig.) fi 2 Ret. Rings 

5 

211 

MS51975-32 

Screw, Shoulder (1/2 dia. 




Shoulder 3/8-16 x 1.75 Lg.) 

10 

212 

KacLean-Fogg 
22 SFC 3316 

Nut, Sn. Flange (3/8-16) 
Uni-Torque Lock 

10 

65 

KS2C266-38C 

Key, So. (3/8 x 3/8 x 1-3/4 
Lc.1 

1 

68 

Kaldron-Flex- 

align 

Size 1-1/2 HSK 

Coupling, Input Shaft Drive 

1 


Clear, all parts thcroughly. 

i^tate the rig subassenbly tc the horizontal position with the base 
or. the floor. Rer.cve the two F,':: 926619-1 support lees (tubular-3r'‘ ) 
and tiia two P/K 928619-4 support legs (tubular 33-7/8"). 

Install five PA' 165227 eyeplates on the PA 490661 (ND) canter 
housing ^md support asserhly using ten PA KS51975-32 shoulder 
screws and ten FA 22Sr’J381€ nuts. Torque the nuts to 190-210 in. -lbs 

Install the five ? 155226 cylinders tc the T/i: 165227 eyetlates 

-iir.v tr.e F/.*; 52i.c!-l streig/.t yin v.th retaining ring= cn eac:. end. 


Check 
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Install tha flva P/K 18522E Clsvls Rods to ths PA 185201 (MD) front 
cyllndar support using ths PA 525.61-2 straight pin with ratainlng 
rings on aach and. 

W0TE > Ona eylindar assembly was Installad in para. 15.0 
KOTE t Install tha cyllndar assambllas with tha Inlat (axtand and 
ratract) fittings poaitlondd sadially outward. 

Install the PA MS-20066-380 key in tha key slot of the Input shaft 
front and. Install the Waldron Flaxalign coupling external flanged 
mamher, PA 61660-1, over the input siiaft with tha coupling flange 
forward. Install the coupling Internal member, PA CO-61660-1, onto 
the input shaft and engaging the PA MS-20066-380 Key (The fit of 
the PA CO-61660-1 internal coupling member on the input shaft is 
0.0005" tight - 0.0010 tight). 

Lift the rig assembly and remove the t%ra PA 928619-7 support legs 
(channel) . 

Unless other wise noted lubricate parts at assembly with 
MIL-L-23699 Oil. 

Cover unit vltr. plastic to protect from contamination. 
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